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In this review we are attempting to present a 
picture of the morphology, physiology, and pathri- 
logy of erythropoiesis in man. The ease with which 
the blood cells and their precursors may be examined 
provides an almost unique opportunity for their 
study and greatly adds to the charm and interest of 
haematology; and the results obtained thereby are 
probably significant for the growth of human tissues 
as a whole. Despite great progress in recent years, 
however, many gaps in knowledge and anomalies 
still exist, particularly in respect of the factors 


underlying the growth and differentiation of blood 
cells and the effects of pathological states upon them. 
Because of the very great importance of technique, 
we are prefacing the main discussion with sections 
on the methods of bone marrow- biopsy. 

Methods of Bone Marrow Biopsy 
The haemopoietic function of the red marrow- has 
been realized since the description by Neumann in 
186S of the origin therein of the erythrocytes. The 
early studies on human material were carried out 
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on post-mortem tissue, however, and it is only 
comparatively recently that biopsy of marrow has 
been widely employed and has thus rendered 
possible the examination of fresh material in 
stained smears. A big step forward in the technique 
of examination was made by Seyfartli (1923), who 
introduced a method of trephining the sternum by 
means of a small 3 mm. straight trephine. The 
preparation of histological sections from such 
material was admirably described by Custer (1933). 
However, although trephine biopsy provides excel- 
lent material for sections and smears, it has dis- 
advantages; it is a minor surgical operation, which 
can be safely carried out only under aseptic condi- 
tions in the operating theatre, and which may be 
dangerous in the presence of a bleeding tendency or 
of granulocytopenia. In addition, the skin incision 
takes several days to heal, and the trephining can 
seldom be repeated. The introduction by Arinkin 
(1929) of the method of needle puncture biopsy of 
the sternum has, therefore, given a great impetus 
to the study of the marrow tissues during life. The 
relative values of the trephine technique and of 
needle biopsy are discussed by Dameshek and others 
(1937) and by Osgood and Seaman (1944). Stained 
smears of material aspirated after death are generally 
unsatisfactory, for the degenerating cells are easily 
broken up by the process of spreading (Rohr and 
Hafter, 1937; Leitner (Leitner and others, 1949a)). 

Sternal puncture. — Arinkirfs method of ster- 
nal puncture provides material which can not 
only be spread on slides, dried in the air, and 
stained like blood films, but which may also be 
examined supravitally by various optical techniques, 
and in addition provides marrow particles which 
may be sectioned or subjected to chemical micro- 
analysis. The results obtained by Arinkin’s tech- 
nique in health and in many blood diseases have 
appeared in numerous papers and several mono- 
graphs (for example, Segerdahl, 1935; Bodley 
Scott, 1939; Leitner, 1941; Rastelli, 1943).' 

A variety of needles exists. Some sort of adjustable 
guard is essential, and the needle designed by Salah 
(1934) is widely used in this country. In addition, needle- 
trephines have been designed; that of Tiirkel and 
Bethel (1943) is useful, yielding a small piece of cortical 
bone and underlying marrow. The trephine is passed 
through a hollow needle, and no skin incision is 
required . 

In careful hands and using an aseptic technique 
sternal puncture is a safe procedure in the great 
majority of patients and may often be performed on 
out-patients. However, fatalities have resulted, 
mostly through complete transfixion of the sternum 
{Lancet, April 10, 1948), but this should not occur 


if a guarded needle is employed. It should not be 
lightly undertaken in the presence of a bleeding 
tendency. Although, as a rule, little haemorrhage 
results in patients with a prolonged bleeding time, 
it should never be performed in haemophilia or in 
patients with similar coagulation defects. 

The usual site for sternal puncture is the manu- 
brium stemi or the first or second piece of the body 
of the bone; in our experience rather more cellular 
marrow with a smaller admixture of blood is 
obtained from the manubrium, although in this site 
it is rather difficult to be sure that the needle has 
entered the medullary cavity. The sternum may be 
repeatedly punctured; a different site should be 
selected for each puncture in order to avoid marrow 
possibly disorganized by haemorrhage resulting 
from previous punctures. 

Other sites for needle biopsy; the tibia in childhood, 
the iliac crest, and vertebral spines. — In the ..youngest 
children, from birth to four or five years, the medial v 
aspect of the head of the tibia may be punctured and 
active marrow withdrawn. This procedure is certainly 
less dangerous and less upsetting to the child than is 
sternal puncture. In older children the tibial cortical 
bone is usually too dense and the marrow within normally 
less active. Better samples are obtained by sternal 
puncture (Kato, 1937). 

Recently the iliac crest (Rubinstein, 1948) and spinous 
processes of the vertebrae have been punctured and found 
in adults to yield good samples of marrow. Puncture of 
the spinous processes of the vertebrae is particularly 
convenient, as they lie superficially and the overlying 
tissues are not highly sensitive. The needle is passed 
vertically into the spines of the lumbar or lower thoracic 
vertebrae of the sitting or reclining patient (Loge, 1948). 
Rather more pressure is required than for sternal punc- 
ture. An added advantage of spinous process puncture 
is that the patient cannot see what is happening and that 
several attempts at puncture and aspiration can be made 
in the same anaesthetized area if necessary. 

It is an advantage to have a choice of several sites, 
both in the same region, for example the sternum and 
vertebral spines, and between these areas, as repeatedly 
“ dry ” or non-cellular punctures are sometimes encoun- 
tered.* In these cases, selection of a different site may 
either yield a cellular marrow or strengthen suspicion 
of a widespread pathological change affecting the 
marrow. The questions of different sites and of various 
forms of puncture needles are discussed at length by 
Rastelli (1943a). 

* Repeated failure to withdraw marrow is disconcerting. In our 
experience ** dry ” punctures or aspirates containing only blood or 
very few marrow cells have been due, in cases where we have been 
confident that the needle has penetrated the cortical bone, to marrow 
aplasta or hypoplasia, to marrow fibrosis, to secondary carcinoma- 
tosis, and sometimes to leukaemia, particularly of primitive cell types 
(see also page 4). Dameshek and others (1937) and Dameshek 
(1948) have had similar experiences. In these cases a surgical trephine 
operation may be required before the diagnosis can be made with 
certainty. 
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Although there is normally a considerable variation 
in the composition of cellular marrow withdrawn from 
adjacent or different sites, the general trend and type 
and maturity of haemopoiesis and the balance between 
erythropoietic and leucopoietic activity is similar 
(Pizzolato and Stasney, 1947). This essentially similar 
yet variable pattern is well shown when sections of 
aspirated material are studied (1. N. Davidson and 
others, 1948). 

The Examination of Aspirated Bone Marrow 

The preparation and staining of bone marrow 
films. — The volume of marrow which may be 
aspirated by puncture is limited, and the more 
material aspirated the greater the proportion of 
contaminating blood. Osgood and Seaman (1944) 
recommend that 1 ml. should be withdrawn as a 
routine, but we prefer not to take more than 0.2 ml. 

Most, if not all, workers employ a Romanowsky 
dye for the routine staining of bone marrow films ; 
many use a panoptic method, at a controlled pH 
(about 6.8) using May-Grunwald-Giemsa or Jenner- 
Giemsa stains. Both these techniques give excellent 
results, but in our experience a relatively long 
fixation with methanol (3-5 min.) is essential 
(Turnbull, 1948).* • 

A well spread and well stained cellular film of 
marrow can be a delightful object, but the method 
of preparation of the film is as important as the 
staining technique. It is desirable to concentrate 
the marrow cells at the expense of the blood by 
which they are inevitably diluted, and various 
methods of concentration have been suggested. 
Davidson (1941) for instance expresses the contents 
of the aspiration syringe into a watch glass, picks 
out with forceps the fragments of marrow which 
adhere to the glass surface, and spreads them 
individually on slides. This technique provides 
marrow fragments with little contaminating blood 
and gives a better idea of the cellularity of the tissue 
than can be obtained by merely spreading drops of 
the aspirated material directly on to slides. Other 
authors (Limarzi, 1947) use more complicated 
methods {vide infra). We ourselves employ a very 
simple concentrating device which is generally 
satisfactory* A series of drops of syringe contents 
is delivered on to slides and most of the blood is 
then sucked off with a fine Pasteur pipette applied 
to one edge of the drop; the irregularly shaped 

* Although Romanowsky staining is undoubtedly the best single 
staining method, there are simple supplementary techniques of value. 
By wet- ft cing films in Susa fluid, ryronin-mcthvl green may be used 
to demonstrate nucleoli "and cytoplasmic basophilia (White. 1947). 
Similarly Feutgcn's staining reaction gives a good picture of the 
chromatin and chromosomes ; light green yellowish S is a panicularlv 
suitable counter-stain. Phase -contrast techniques on unstained cell’s 
mounted in formalin have been used by Jones (J94S) in the studs of 
mitochondria. 


marrow fragments tend to adhere to the slide and 
are left behind. A film is then made.of the marrow 
fragments and the remaining blood by means of a 
smooth-edged glass spreader of not more than 2 cm. 
in -width; the marrow fragments are dragged 
behind the spreader and leave a trail of cells behind 
them. It is on these trails that differential counts 
should be done, commencing from the marrow 
fragment and working back towards the head of the 
film ; in this way smaller numbers of cells from the 
peripheral blood become incorporated in the 
differential count. 

Concentration of marrow by centrifugation. — Several 
workers have used centrifugation techniques in an attempt 
to assess the relative distribution of marrow cells, peri- 
pheral blood, and fat in aspirated material. Limarzi 
(1947) has devised a method for centrifuging 
heparinized aspirated marrow in a Wintrobe haematocrit 
tube. Yellow fat, red fat, plasma, marrow cells, and- 
mature erythrocytes separate from above downwards’. 
The marrow cell layer is used for preparing films and 
for "differential cell counts. Limarzi (1947) claims that 
his method gives a relatively accurate indication of 
marrow hypo- or hyperplasia and that the amount of 
fat present can be gauged. Hecalso claims that the 
separation of fat from the marrow cells facilitates their 
proper staining and that numbers of uniform prepara- 
tions can be obtained from the sample. Berman and 
Axelrod (1947) have described a comprehensive method 
for treating aspirated marrow so as to obtain volumetric 
readings of the constituent fractions, as well as smears, 
imprints, and histological sections. 

The data obtained by concentration techniques 
employing centrifugation are useful in group studies, but 
are less valuable in individual cases on account of the 
wide range of values encountered even in the normal. 

Quantitative cell counts on aspirated marrow. — -A 
number of figures for the cell content of aspirated normal 
marrow have been given in the literature (Osgood and 
Seaman, 1944; Vaughan and Brockmyre, 1947). The 
variation is extremely wide; this is hardly surprising in 
view of the uncontrollable factor of dilution with peri- 
pheral blood and the tendency of the marrow cells to 
adhere together in clumps of varying size. Perhaps the 
best method of enumeration is that of Isaacs (1937a), in 
which the particles of aspirated marrow’ arc mixed with 
and broken up in normal serum. He attributed the 
dispersing action of serum to enzyme activity (Isaacs, 
1930). 

Tentative normal standards arc given by Osgood and 
Seaman (1944). Fieschi, quoted by RastcIIi (1943b), uith 
whom we largely agree, states that no information is to 
be obtained from cell counts on the marrow that cannot 
be derived from assessment of simultaneously prepared 
films and sections. Clearly, the value of the quantitative 
method depends upon details of technique and is of 
greatest use in serial studies (sec Stasncv and Pizzolato, 
1942). 



4 


/. V. DACIE AND /. C. WHITE 


The preparation of histological sections of aspirated bone 
marrow. — Although the operation of trephining the 
sternum provides excellent material for imprint prepara- 
tions and for sections, the latter require decalcification 
which impairs staining, particularly by the Romanowsky 
dyes. It is, however, possible to prepare sections of the 
small fragments of marrow, free from bone, which may 
be obtained by simple aspiration through an ordinary 
puncture needle. These fragments of marrow, which 
Schleicher (1944a) has termed “ marrow units,” are 
naturally much smaller than the material obtained by 
surgical trephining, but they can be stained readily and 
they then provide a picture in miniature of the cellularity, 
proportion of fat spaces, and general architecture of the 
marrow. It is their small size, usually up to 1 mm. in 
diameter, which limits the value of the technique, for 
there is always some uncertainty as to how representative 
of the marrow the fragments are. 

A number of techniques for sectioning these fragments 
have been described (for example, Davidson, 1941; 
Mertens, 1945; White and others, 1946; Cappell, 1947; 
Weisbergerand Heinle, 194b), which differ in the details of 
handling the fragments and fixing and embedding. In 
none of these methods is it necessary to decalcify the 
tissue. These histological sections are quite easy to 
prepare; do they yield reliable and helpful information? 
The doubt as to whether the small fragments are really 
representative has already been referred to. In practice 
we find that although they are a useful adjunct to the 
examination of films, and reveal details of structure 
otherwise not easily appreciated, they do not often reveal 
more of diagnostic importance than do film preparations; 
indeed the latter are made from fragments similar to 
those sectioned. They certainly are less satisfactory for 
the study of subtle differences in haemopoiesis than are 
well stained films, particularly as the cytoplasmic 
structures are less well preserved. On the other hand 
they do indicate the relationships of the marrow cells 
one to another and to the parent reticulum cells and they 
show the proportion of the marrow occupied by fat and 
the relationships between sinusoids and the marrow cells. 
In addition it is easy to recognize cells such as phagocytic 
reticulum cells, which are difficult to identify in smears, 
and easily broken in the spreading of the film. Similarly 
megakaryocytes, which are only seen in smears in small 
numbers, are more prominent in sections, and occa- 
sionally a satisfactory and decisive view of tumour cells 
may be obtained. 

Whilst relatively large fragments of marrow are 
obtained by simple aspiration on most occasions, we 
have sometimes been unsuccessful just when it seemed 
most important to obtain material. In these patients, 
mostly suffering from marrow aplasia or hypoplasia, 
marrow fibrosis (“ myelosclerosis ”), secondary carcino- 
matosis, or aleukaemic leukaemia, the films are similarly 
uninformative. In myelosclerosis and in carcinomatous 
infiltration the tissue is presumably too firmly organized, 
with a thickened reticulum and perhaps an increase in 
collagen also, to be disrupted by suction. In the leuk- 
aemias and in “ aplastic ” anaemia it is more difficult to 
understand why aspiration should fail; sometimes it is 


difficult even to obtain blood. Possibly the case with 
which material is withdrawn depends not only on the 
texture of the marrow, in particular the volume of 
developing marrow cells compared with the basic reti- 
cular structure, but also on its blood supply. If the 
blood circulating through the bone marrow is restricted, 
as it might be, due to proliferation of Jcukaemic cells 
or perhaps to marrow aplasia, difficulty in aspiration 
might result; for it is clear that, when one is aspirating 
from a small enclosed area, blood must enter to 
replace the material withdrawn. In practice, if the 
operator fails to obtain marrow from the sternum, 
it'is advisable to try another site such as the lumbar 
spine. If aspiration of the spine is unsatisfactory, 
trephining through an introducer needle (Tiirkcl and 
Bethel, 1943) or surgical trephining of the sternum may 
be needed. 

In Plate I arc illustrated photomicrographs of sections 
of fragments of marrow from patients suffering from a 
variety of blood disorders. The specimens were obtained 
by aspiration of the manubrium of the sternum and 
prepared by the method of White and others (1946). 

The Extent of the Normal Marrow at Different 
Ages 

As the normal distribution of the bone marrow 
has a bearing on the selection of sites for biopsy, 
this question will be briefly considered. At birth, 
active red marrow is found throughout all 'the 
ossification centres in the skeleton, and puncture of 
the tibia medial to the tubercle will yield active 
marrow in young children. The regression of 
active marrow from the long bones in later child- 
hood and adolescence and the partial regression in 
the flat bones is well illustrated by Guster and 
Ahlfeldt (1932). The active red marrow is replaced 
by fat in which the potentially haemopoietic reti- 
culum cells normally lie dormant. Under abnormal 
conditions, such as in many anaemias and in the 
leukaemias, these reticulum cells once more become 
active and form haemopoietic stem cells; the fat 
cells may almost completely disappear. There does 
not seem to be any striking difference between the 
extent of the marrow once the growth period is 
completed. There is no significant difference in 
distribution and cellularity between the marrows of 
elderly subjects and normal adults (Reich and others, 
1944; Leitner and others, 1949b). 

The cause of the apparent increase in volume of the 
marrow in childhood is uncertain; it may in fact be more 
apparent than real. It is not certain that the volume of 
marrow related to the child’s total blood-cell volume, 
which it constantly maintains, is any greater than the 
marrow-total-blood-cell volume relationship in the 
adult. A possible cause of a hyperplastic marrow would 
be that the erythrocytes (and leucocytes) in childhood 
had a shorter life than in the adult. Mollison’s (1948J 
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observations on the survival of the blood of newborn - 
infants in other normal infants suggests, however, that - 
postnatal erythrocytes are likely to survive for a normal 
length of time. Moreover, the total gramdocyte count 
in childhood and adolescence is also very similar to that 
of the adult, which suggests that the demand on the 
marrow for granulocytes is similar throughout^ life and 
is not likely to be a cause of marrow hyperplasia. 

Normal erythropoiesis : site of development,— The 
exact site of erythropoiesis in the normal marrow and 
the problems connected with the haemopoietic potencies 
of the more primitive marrow cells have been a source 
of controversy for many years. Although it is not our 
intention in this paper to review in detail the many 
theories of haemopoiesis that have been suggested, a 
limited treatment is required. A cardinal point in the 
polyphyletic theories of Sabin, Cunningham, and Doan 
and co-workers has been that, whereas granulocytes are 
formed extravascularly, the erythrocytes arise intravas- 
cularly from the lining endothelium of intersinusoidal 
capillaries (Doan, 1923; Doan and others, 1925). Their 
evidence was based partly upon the study of regeneration 
occurring in the hypoplastic fatty marrow of pigeons 
previously starved. However, granulocytes and erythro- 
cytes do not seem to develop in this way in man and in 
other mammals, and an extravascular origin for both has 
been claimed by the majority of workers (Bunting, 1906; 
Maximov, 1910; Drinker and others, 1922; Bloom, 
1938a). More recently Hamre (1947) has described the 
extravascular formation of erythrocytes and granulocytes 
in rats and the subsequent migration of the more mature 
cells across the intact sinusoidal endothelium. 

Study of our own sectioned material has convinced us 
of the correctness of the conception of extravascular 
haemopoiesis in man. The more primitive haemopoietic 
cells in both normal and abnormal marrow's always 
seem to be ih the stroma of the marrow and outside the 
marrow sinusoids and capillaries.* In the sinusoids, 
however, there may be seen a few partly mature forms, 
such as polychromatic normoblasts and metamyelocytes, 
in addition to mature erythrocytes and leucocytes. 

If it is admitted that haemopoiesis is extravascular, 
the problem of the migration of the developing blood 
cells from the marrow stroma into the blood stream 
remains to be solved. In the case of granulocytes, with 
their known capacity for amoeboid movement, the 
migration of the more mature forms across an endothelial 
barrier presents little difficulty and is generally admitted 
to occur, but the movement of the non-motilc normo- 
blasts is more difficult to understand. In Drinker and 
others' (1922) view it was the pressure of expanding 
collections of maturing normoblasts that forced the 
latter through the sinusoidal endothelium. Maximov 
(1910) and Key (1921) postulated temporary deficiencies 
in the continuous endothelium but did not produce 
conclusive evidence of this. Hamre (1947) has failed to 
demonstrate in rats any such breaches in continuity. He 


observed the passage of both granulocytes and erythro- 
cytes through the sinusoidal walls, and considered that 
the cells passed between the margins of the lining endo- 
thelial cells and that pressure from the growing mass of 
cells in the stroma might well help them to do so. Our 
evidence from human material points in the same 
direction; in hyperplastic marrows such as are seen in 
Addisonian pernicious anaemia we have observed groups 
of cells bulging into the lumina of the sinusoids. Isaacs 
(1933) has allied attention to the mutual adhesiveness of 
the more primitive marrow cells. As the cells mature 
they become free from one another through liquefaction 
-of the intercellular material and come to lie in “ lake- 
like ” spaces. This separation is a necessary preliminary' 
to a cell’s entry into the vascular sinusoids proper. The 
relationship between erythrocyte or normoblast migra- 
tion through the sinusoidal walls and the formation of 
poikilocytes will be considered in a later section. 
Although it can be accepted that the erythrocytes and 
granulocytes are normally formed extravascularly in the 
marrow, this is not necessarily true of haemopoiesis in 
other situations. In the spleen, for instance, active 
haemopoiesis in dilated sinusoids may’ sometimes be 
seen in pathological material (see also the section on 
foetal erythropoiesis). 

.The Morphology of Normal Ery thropoiesis 

Nomenclature of the erythrocyte precursors. 
—For the sake of simplicity the vexed question 
of nomenclature* has so far not been considered, 
but the subject cannot be entirely avoided. The 
normal form of erythropoiesis gives rise to the 
normal erythrocyte (the normocyte) by a process 
best referred to as normoblastic erythropoiesis. The 
earliest definite erythrocyte precursor is the pronor- 
moblast, and later nucleated forms are normoblasts. 
In later sections we shall refer to and describe other 
types of formation, megaloblastic, intermediate, 
and macronormoblastic, etc. 

The term “ erythroblast ” should be reserved for 
any nucleated erythrocyte precursor without refer- 
ence to the form of development, in accordance with 
the original usage of Ehrlich (Ehrlich and Lazarus, 
1898, 1900). 

Synonyms for the pronormoblast and normoblast.— 
Fcrrata (Ferrata and Storti, I94S) called the earliest 
recognizable erythrocyte precursor the pro-cry’ thro blast, 
derived from the hacmocyto blast and developing through 
erythroblast stages to the erythrocyte. This terminology' 
is used by the Italian school of haematology generally 
(Ferrata and Storti, 194S; RastcJli, 1943c). Nacgcli 
(1931) has used the term macroblast fmakroblast) to 
refer to the younger and larger erythroblasts, particularly 
in embryonal organs and in the marrow m states of rapid 


• Silver impregnation of the marrow, b> demonstrating the reii* 
cular framework, hetpi to differentiate the marrow stroma njth its 
network of fine fibrils from the sinusoids which lie* on a la*rr of 
longitudinal armoph:! fibrils (<.ec Plate I. 5 and 6). 


•Ip. this paper we discuss the orthodox and trad. nor. a! nomen- 
clature only. ChpooJ and Ashworth (!937> introduces! an cnt.rr’v 
novel system which has not been genera!!* accepted. The s»h.v_- 
question is row once mrc under revic* b> the Ir.*rmatinsa! Society 
of 
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blood regeneration, and Swiss authors such as Rohr 
(1940) and Leitner (1941) have used the term similarly, 
but this usage is confusing and better avoided (see the 
discussion on macronormoblasts in a later section). 
Similarly, the use by Sabin and co-workers of the term 
44 megaloblast ” for young basophilic red cell precursors 
under normal conditions (Doan and others, 1925) has 
no justification and has generally been abandoned. 

Schulten (1937) derived the normal erythrocyte from 
the pro-erythroblast through macroblast and normoblast 
stages, and Dameshek and Valentine (1937) a series of 
normoblasts, A, B, and C, from haemohistioblasts 
through the erythrogone. Israels (1939), whilst deriving 
the erythrocytes from multi-potent haemocytoblasts, 
called the earliest recognizable stage the pro-erythroblast, 
and the subsequent stages of normoblasts A, B, and C, 
in increasing order of maturity. 

Turnbull (1936a), basing his observations on sectioned 
material, described the derivation of normoblasts from 
pluripotent haemocytoblasts through a series of “primary 
erythroblasts.” He recognized three stages of normo- 
blasts of similar size; the earliest with basophilic cyto- 
plasm, then the polychromatic stage, and finally ripe 
-orthochromatic normoblasts of the final stage. 

Formation in intra-uterine life.— Details of the forma- 
tion of the erythrocytes in intra-uterine life are of more 
than academic interest, for there are certain interesting 
contrasts and analogies between foetal erythropoiesis 
and that of the adult in health and in disease. Ehrlich 
(1880; Ehrlich and Lazarus, 1898, 1900) was the first to 
call attention to the similarity between the megaloblasts 
of pernicious anaemia and the haemoglobinized* 
primitive erythroblasts developing within the primitive 
blood vessels of the presomite human embryo of 2 to 
5 mm. in length. These primitive foetal erythroblasts 
do not lose their nuclei and are very large cells. They 
are replaced by the first 44 definitive ” erythroblasts, 
which in size and nuclear structure are intermediate 
between the cells of the primitive generation and those 
of adult life. | These cells lose their nuclei when mature 
and give rise to erythrocytes (macrocytes) whose volume 
is greater than those of the normal adult. The nucleated 
precursors may be termed macronormoblastsf (Jones, 
1943). The liver is the chief site of their formation in 
mid-foetal life.§ From the fifth month of intra-uterine 
life onwards erythropoiesis commences within the 
marrow cavities of the ossification centres and at birth 
intramedullary formation is of prime importance, 
extramedullary foci having almost entirely disappeared 
by this time. The type of formation at birth is normo- 
blastic and similar to that of the adult. 


* It appears that the type of haemoglobin produced at all stages 
of intra-uterine life is the same — that known as foetal haemoglobin 
(H. M. Jopc, 1948; Hoch and others, 1949). 

f The primitive generation of erythroblasts is formed intravascu- 
larly, as arc the definitive erythroblasts (macronormoblasts) in early 
foetal life. Later, erythropoiesis in the liver is at first both intravas- 
cular and cxtravascular, but eventually is entirely cxtravascular, as it 
is in the bone marrow from the start (Gilmour,- 1941). 

J Some details of macronormoblastic development arc given later 
in this paper. 

§ Gilmour’s (1941) paper is an important contribution to the study 
of intra-uterine haemopoiesis. It is based on 57 human embryos 
and foetuses. Sec also Bloom and Bartelmcz (1940). 


The cause of this variation in cell morphology at 
different age periods is far from clear. There is a gradual 
diminution in erythrocyte diameter and volume as the 
foetus matures,* but there is little evidence to prove that 
the macrocytosis is dependent upon an insufficient supply 
of anti-anaemia factors (Wintrobe, 1946a). Possibly the 
presence of the primitive persistently nucleated crythro- 
blasts recalls phylogenetic development. That foetal 
macrocytes may have a shortened life in vivo is suggested 
by Mollison’s (1948) transfusion experiments. In this v 
connexion it is interesting to recall that macrocytosis 
(and macronormoblasts) arc seen in adult life in certain 
anaemias associated with rapid blood formation. 

It is well known that foci of extramedullary haemo- 
poiesis may be met with in adults in a variety of blood 
diseases, particularly where the bone marrow is widely 
invaded by carcinoma or where the marrow is under- 
going fibrosis as in myelosclerosis. Less frequently 
extramedullary haemopoiesis is seen in haemolytic 
anaemia or even in pernicious anaemia. The* foci occur 
most frequently in the liver and spleen, sites of vigorous 
intra-uterine formation, but are occasionally found in 
lymph glands or as heterotopic foci (see Vaughan, 
1936a and b). 

Normoblastic erythropoiesis in the adult — 
The irregular lattice-like pattern of cellular and 
fatty areas in the adult human marrow has already 
been referred to, and close inspection of the cellular 
areas shows that focal areas of erythropoiesis are 
surrounded by larger zones of leucopoiesis. 

The basic potentially haemopoietic cell in the 
marrow is a reticulum cell. Maximov (1927) has 
described the appearance of these cells in sections 
as flattened, pale-staining, and inconspicuous, and 
he considered them to be less differentiated than the 
dye-storing and phagocytic cells of the marrow 
stroma or the littoral cells of the marrow sinusoids. 
The question as to whether these more differentiated 
phagocytic cells can form haemocytoblasts or more 
mature forms of haemopoietic cells has not been 
settled and is discussed by Bloom (1938b). Ferrata 
and Storti (1948) recognized the haemohistioblast as 
an intermediate form between the primitive reticulum 
cells and haemocytoblasts. Clearly, irrespective of 
nomenclature, there is continuity of development 
between the most primitive and the more mature 
forms. Normally, these primitive cell types are 
present in small numbers and are somewhat difficult 
to identify in marrow smears. The cells are fragile 
and easily broken up by spreading, and cytoplasmic 
outlines may be indistinct. In pathological states 
such as Addisonian pernicious anaemia, and in 
certain refractory anaemias where there is hyper- 
plasia of primitive cells, they are more frequent 
and may be seen in groups or even as syncitia (see 
Schleicher, 1945). 

* Wintrobe (1946, p. 32) gives interesting data from thirty human 
foetuses; see also Wintrobe and Shumackcr, 1935. 
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In film preparations the marrow reticulum cells 
vary between 20 and 30 a. The cytoplasm is palely 
basophilic and abundant, and may contain a few 
azurophil granules; fine spherical mitochondria are 
numerous and evenly distributed. The nucleus is 
large, round, or oval, with a pale-staining* fine 
chromatin pattern and one or more round or oval 
nucleoli. 

The haemocytoblast f is a large cell of somewhat 
variable outline, in size averaging about 20 \l in 
diameter. The cytoplasm is moderately deeply 
basophilic, and contains numerous mitochondria 
but no granules. The nucleus is round, averaging 
about 15jx in diameter; it stains palely with 
Romanowsky dyes and presents a finely stranded 
and stippled (lep to chromatic) chromatin pattern. 
Multiple nucleoli are present or a single elongated 
nucleolus of complex form bounded by a very fine 
layer of nucleolus-associated chromatin. 

The pronormoblast is a slightly smaller cell than 
the haemocytoblast and usually of a rounded 
outline, although often showing fine pointed 
processes at the periphery of the cytoplasm. The 
average diameter is less than 20 and the nucleus 
less than 1 5 pi. The cytoplasm is more basophilic 
but less extensive than in the haemocytoblast; 
mitochondria are numerous. The chromatin pattern 
of' the nucleus is more condensed and the nucleoli 
are smaller and are less easily seen, beitfg surrounded 
by denser nucleolus-associated chromatin. The 
term normoblast refers to the developing erythro- 
blast from the stage when the nucleoli have dis- 
appeared to the loss of the nucleus itself. As the cell 
matures there is a progressive shrinkage in size to 
about 8 jx and a parallel decrease in size of the nucleus. 
The cytoplasm becomes less basophilic as the cell 
matures, and increasingly acidophilic, this latter 
property being considered to be due to the forma- 
tion of globin or haemoglobin. 

Thus normoblasts may be described as basophilic, 
polychromatic, or orthochromatic, although in our 
experience fully orthochromatic cells are rarely 

•The descriptions given hereafter refer to Romano* sk> -stained 
methanol-fixed dry film preparations. The appearances in sections or 
in wet fixed films differ due to the preservation* of a more spherical 
shape of the cell and to the use of different fixatives. A description 
is outside the scope of this article. 

t The haemocytoblast of Ferrata is the marrow stem cell of the 
erjthrocytes, granulocytes, and megakaryocytes; it is the most 
organized stem cell capable of developing and differentiating to more 
than one type of blood cell (Ferrata and Stoni. 194S; Rastelh. 1943c). 
Downey (193S a) discusses at length the potency of the haemocytoblast. 
He agrees that it is multi -potent, but unfortunately confuses the issue 
by referring to it as a ** myeloblast.” Hells ’s (1910) ** erythrogone ” 
is probably the same cell (see also Dameshek and Valentine, 1937) 
The multi-potency of the haemocytoblast is not unhersally accepted.' 
Rohr (1940), for instance, derives the erythrogone (uni-potent) 
directly from the reticulum. 

The dc\ elopment of the granulocytes from haemorytoblasts proceeds 
m a parallel fashion to that of the erythroblast. Mitosis occurs onls 
in the earlier stages, and as the cell matures the degree of cvjcplaxmic 
and nucleolar basophilia diminishes and at the same time the azurophil 
ana later the specific granulations appear. 


encountered in normal subjects — that is to say, cells 
in which the cytoplasm is as acidophilic as that of 
adult erythrocytes. _ Such cells are, however, often 
illustrated (Wintrobe, 1946, plate 2; Whitby and 
Britton, 1946, plate 4). Everything depends upon 
the staining. It is possible to stain films to show 
orthochromatic normoblasts, but they are seldom 
seen if staining is controlled in such a way that 
polychromasia is well demonstrated. Indeed it is 
difficult to imagine an orthochromatic normoblast 
(having presumably lost its cytoplasmic basophilia) 
becoming a polychromatic reticulocyte and regaining 
cytoplasmic basophilia when its nucleus is disposed 
of. This would only be possible if the desoxy- 
ribonucleic acid of the normoblast nucleus contri- 
buted to the basophilic staining of the cytoplasm of 
the non-nucleated cell which developed from it, and 
for this there is no evidence. Brachet (1946) states, 
however, that Dustin suggested such a possibility. 
Reticulocytes are Feulgen-negative. If ribonucleic 
acid had been formed from desoxyribonucleic acid, 
an increase of both the reticular-filamentous 
material and diffuse basophilia removable by ribo- 
nuclease would be expected in the reticulocytes as 
compared with the normoblasts, but this does not 
seem to be so. A point that should be stressed is 
that the progressive diminution in size and pyknosis 
of a cell’s nucleus is a more reliable guide to that 
cell’s maturity than is the state of ripening of the 
cytoplasm, and that even in the normal the relative 
progress of nuclear and cytoplasmic ripening varies 
appreciably from cell to cell. 

The areas of deeply staining chromatin, which 
first appear in the vicinity of the dwindling nucleoli 
and near the nuclear membrane, are brought together 
by shrinkage of the nucleus and ultimately fuse. In 
its final form the nucleus is entirely pylmotic and 
about 4-6 ji. in size. That the changing pattern of 
the nuclear chromatin is not an artifact produced 
by fixation has been shown by studies with the 
electron microscope (Rebuck and Woods, 1948). 

A few additional details as to the cytoplasm of 
erythroblasts may be added. Although the earlier forms 
possess a cytocentrum, Golgi apparatus, and mitochon- 
dria (Maximov and Bloom, 194S), these structures arc 
lost in the course of differentiation. Mitochondria may 
be demonstrated by the supravital use of Janus green 
(Key, 1921; Sabin, 192S), and Jones (1947, 194S) has 
shown that, due to their content of lipoids, they can be 
stained by Sudan black by the method of Baker (1945J 
in air-dried films fixed in fo rmol-calcium chloride (see 
Plate IV, Fig. 5). Jones has also used phase contrast 
techniques. He has demonstrated that in air-dried 
unstained films mounted in formalin, mitochondria he 
above and below the nucleus, and that in this W 3 y they 
must contribute to the chromatin pattern of the nucleus 
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as revealed by staining with Romanowsky dyes.' He has 
also shown that the clear perinuclear area represents the 
unstained negative images of mitochondria and not 
hyaloplasm (see Wilson, 1928). More cytoplasmic 
particles are revealed by phase contrast microscopy than 
can be stained supravitally by Janus green. 

Differential cell counts on marrow films. — 
Most workers perform differential cell counts on 
marrow films, and by presenting the data in the 
form of a <£ myelogram ” express the incidence of 


the various cell types as percentages. Such figures, 
unfortunately, are less accurate than they appear to 
be at first sight. Not only is there an unknown 
admixture with cells from the peripheral blood in 
which the marrow cells are diluted, but in addition 
there is a tendency for the more primitive cells and 
relatively fixed marrow cells such as megakaryocytes 
to remain behind in the marrow. Ideally, differen- 
tial counts should be performed on sections of 
aspirated material, but here, unfortunately, there is 



Tcxt Fig. 1. — Series of scale drawings of maturing erythroblasts. Scries A shows representative megaloblasts 
(Figs. 1-5) from a patient with severe Addisonian anaemia, erythrocytes 1,300,000 per c.mm. In series B 
(Figs. 6-10) arc illustrated intermediate megaloblasts of comparable maturity from the marrow of a patient 
with stcatorrhoea, erythrocytes 3,500,000 per c.mm. In series C (Figs. 11-15) the cells (normoblasts) were 
from the marrow of a normal adult man. Series D (Figs. 16-20) shows cells (macronormoblasts) of similar 
age groups from a patient with a macrocytic haemolytic anaemia (nocturnal haemoglobinuria), erythrocytes 
1,500,000 per c.mm. In series E (Figs. 21-25) the cells were drawn from the marrow of a patient with a 
severe iron deficiency anaemia, erythrocytes 3,000,000 per c.mm. 

In each series the topmost cell is a primitive cell ( promegaloblast or pronormoblast ). 
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Text Fig. 2.— 1 Curves of maturation and mitotic activity 
during erythropoiesis. 

Upper figure : Maturation curves. 

— » — - Maturation curve from calculated means 
of figures from 1 5 normal adult marrows (6 x 1 ,000 ; 
9 x 500 cell counts)^ The observed range is indi- 
cated in the stippled area. 

Maturation curve for erythropoiesis in Addi- 
sonian pernicious anaemia. 

O — O — Normoblastic development. 

^ • — • — Megaloblastic development. 

Maturation curve in iron deficiency 

anaemia. 

Maturation curve in congenital haemo- 
lytic anaemia. 

Ordinates: Per cent of cell types. 

Abscissae: Stages of erythropoiesis : RE, 

reticulum cells. HAE, haemocytoblasts. Pr.N., 
pronormoblasts. B.N., basophilic normoblasts. 
P.N. early and late, early and late polychromatic 
normoblasts. N., pyknotic normoblasts. 

Lower figure : Mitosis during erythropoiesis . 

Distribution by developmental stages of 67 erythro- 
blasts in mitosis, encountered in 100 mitoses from 
normal marrows. 

Ordinates: Per cent of the mitotic cells. 

Abscissae: Stages of erythropoiesis, as in upper 
figure. 


difficulty in the proper identification of cells. 
Dameshck and others (1937) give illuminating 
figures for parallel observations made on sections 
and on smears made from puncture fluid, and other 
observations are reviewed by Osgood and Seaman 
(1944) and by Leitner and others (1949). Osgood 
and Seaman, in an excellent review, also discuss the 
unavoidable statistical errors involved in making 
differential counts and the necessity for counting 
large numbers of cells, particularly if an attempt is 
being made to assess the frequency' of cells present 
in only small numbers. A further difficulty is the 
impossibility of accurately dividing into arbitrary* 
classes cells of which every* gradation of development 


may be seen; and the fact that different authors 
naturally use different criteria to separate, say, 
“ early ” from “ late” normoblasts makes compari- 
son between their figures still more difficult. 

For ail the above reasons the figures given in the 
literature for the “ normal ” myelogram differ 
widely, as is illustrated in the tables of Bodlev 
Scott (1939), Osgood and Seaman (1944), and 
Leitner and others (1949c). 

Pontoni (1936) and Rastelli (1943d; have also 
discussed the analysis of differential cell counts. 
Pontoni correctly uses the term “haemomyclo- 
£ram ” for the ordinar y differential count, and 
restricts the use of the term “ myelogram ” to counts 
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made on the residuum of cells after excluding the 
fully ripened ones, that is the segmented granulo- 
cytes, lymphocytes, and monocytes, etc. The 
commonly employed leucocyte-erytliroblast or Jeuco- 
cyte-erythroid ratio, being based on the “haemo- 
myelogram,” is of limited usefulness; in practice 
it gives a very wide range in normal subjects (2 : 1 to 
12: 1). That dilution with peripheral blood is a 
major factor in leading to a high leucocyte-erythroid 
ratio is shown by our lymphocyte values in a series 
of fifteen normal volunteers. The lymphocyte 
percentage varied between 13 and 31 per cent, 
and although some of these cells may have been 
derived from isolated lymph follicles, in most 
instances it is likely they came from the peripheral 
blood. 

Pontoni’s “ leuco-erythrogenetic ” ratio is a 
better expression of the relative proportions of leuco- 
poiesis to erythropoiesis. Mature 'leucocytes are 
excluded from the count, and in our series of normal 
subjects the ratio varied from 0.56: 1 to 2.67: 1. In 
most anaemias the ratio is below unity. 

Fortunately, the factor of dilution with peripheral 
blood does not affect differential counts on marrow 
erythroblasts, unless there is a marked peripheral 
erythroblastaemia. These differential counts are 
more satisfactorily expressed by relating the numbers 
of the different classes of erydiroblasts to the total 
number of erythroblasts rather than expressing 
them as percentages of the total nucleated cells 
present. 

Because of differences in classification it is difficult 
to find from the literature normal ranges for the 
proportion of erythroblasts of different maturities. 
There is, however, wide agreement that in health the 
pronoimoblasts and basophil normoblasts are few 
in number and that normoblasts of medium maturity 
with various grades of acidophilia of their cytoplasm 
and increasing density of the nucleus predominate. 
Fully pyknotic cells are less numerous, and pyknotic 
cells with fully orthochromatic cytoplasm are rarely 
met with. In our series of fifteen normal subjects, 
2 per cent of the erythroblasts were pronormoblasts, 
5 percent basophilic normoblasts, 51 per cent early 
and late polychromatic normoblasts, and 42 per cent 
pyknotic normoblasts. In disease these proportions 
may be much altered. 

Maturation curves (Pontoni, 1936; Baserga, 1939) 
have been used to illustrate the changes in propor- 
tion of the various classes ofcells in different diseases 
or at different stages in the course of an illness 
(Text Fig. 2). Cotti and others (1938) have 
used a rather different way of expressing the 
proportion of primitive to maturing cells, and by 
their maturation index indicate the numbers of 



Text Fig. 3, — Densitometer records across spectrogram 
of frog red cell at three wavelengths, obtained from 
reflecting microscope. (Figure kindly supplied by 
Drs. R. Barer, E. R. Holiday, and E, M. Jope.) 

N., cell nucleus. C., cytoplasm. 

405 m/x. In the intense Soret band absorption 
due to haemoglobin. 

312 m/i. A wavelength at which little specific 
absorption occurs. 

265 m/i. In the strong absorption band due to 
purine and pyrimidine residues of the nucleic acids. 

polychromatic and orthochromatic erythroblasts 
relative to the basophilic erythroblasts. We have 
employed a similar device to express the marrow 
immaturity in Addisonian and other megalocytic 
anaemias (Text Fig. 4). 

Growth and Differentia tion of Erythroblasts 
In the previous sections we have described the 
stages in development from the haemocytoblast to 
the pyknotic normoblast. It is almost superfluous 
to state that this separation into stages is artificial ; 
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Text Fig. 4.— Relationship between the peripheral erythrocyte counts and the 
erythroid-leucocyte ratios (left-hand chart) and the primitive cell-maturing 
cell ratios (right-hand chart) in thirty-five patients who had megaloblastic 
marrows. Twenty-six of the patients had Addisonian pernicious anaemia, # : 
four patients had steatorrhoea, o; in three patients the anaemia was associated 


with pregnancy, D; in two with malnutrition, 
anaemia had followed a gastro-enterostomy. 


and in one patient, ♦, 


in reality there is a smooth gradation from the most 
primitive to the most mature forms. This process 
of development is a dual one, involving growth and 
cel! division and differentiation. According to 
Cowdry’s (1942) classification of levels of cellular 
activity the haemopoietic reticulum cells and haemo- 
cytoblasts are classed as vegetative intermitotic cells 
and the earlier erythrobl as ts as progressively differen- 
tiated intermitotic cells. In the final stages of 
development, when differentiation is completed, the 
cells are fixed post-mitotic cells. 

Mitosis during erythropoiesis. — A proportion of the 
haemopoietic cells are always in mitosis.' Japa (1942) 
studied the sternal marrows from three non -anaemic 
subjects and found 0.5 per cent of mitoses in fixed and 
stained films, but in aceto-carmine squash preparations 
from the same material there were 1.5 per cent, about 
45 cells of the 100 in mitosis being erythroblasis. He 
thought that some of the dividing cells were disrupted 
when films were made. Mitoses may be seen at all 
stages, from haemopoietic reticulum cells to the poly- 
chromatic erythrobl as ts. Mitoses arc not observed in 
latest polychromatic and pyknotic normoblasts, which is 
not surprising in view of the nuclear structure. Normally 
the absolute numbers of mitoses increase from the more 
primitive to the more mature stages, and it is rare to find 
a primitive cell in mitosis without extensive search. 
However, as the numbers of intermitotic cells also 
increase at each stage, the relative number of cells in 
mitosis at each stage is not so variable (see Text Fig. 2). 
This suggests an orderly increase in cell numbers by 


mitosis throughout the growth 
and earlier differentiation 
phases of erythropoiesis. 
The products of the final 
mitoses then complete 
differentiation irreversibly. 
Abnormalities in mitosis 
leading to the formation of 
muitinucleaied cells are not 
infrequently found, even in 
normal erythr oblasts and 
their precursors (see p. 30). 

Fieschi (1938) represented 
the incidence of each stage 
of the mitotic cycle graphic- 
ally and found that meta- 
phases were themost numerous 
in normal erythropoiesis, and 
our results and those of Japa 
(1942) also indicate this. 
Increased erythropoiesis, 
however/ leads to a higher 
proportion of prophases. 

Life span of the eryth ro- 
ll lasts. — The exact number of 
mitoses that take place in 
the development of a normal 
erythrocyte and the length 
of the mitotic and inter- 
mitotic periods at each stage of development are unknown. 
The whole process probably occupies several d3vs. 
Ponder (1948) calculates that in the rat the lifetimes of 
the haemocytoblast, “ erythroblast,” normoblast, and 
reticulocyte are 0.23, 0.35, 2.3, and 3.6 days respectively. 
Hevesey and Ottesen (1945) have shown that if phos- 
phates containing P 31 isotope are fed to hens, isotope 
appears in the desoxyribonucleic acid of the nuclei of 
circulating erythrocytes after five days (see also Hevesey, 
1948a). Shemin and Rittenberg (1946) have shown that 
in normal man N l5 -containing haem appears in circulat- 
ing erythrocytes within two days of the ingestion of 
N ,5 -glycine. This represents the time between the 
formation of haem and the delivery’ of the erythrocytes 
into the blood stream, and is only part of the total time 
required for erythropoiesis (see also p. 21). 

•i 

In man there is other indirect evidence. The response 
to potent liver extract in a severe case of Addisonian 
pernicious anaemia indicates that the reticulocytes arc 
delivered into the peripheral blood stream at the maxi- 
mum rate at about four to six days after an injection of 
liver. This period of maximum reticulocyte production 
corresponds presumably to the final maturation of the 
predominating age group of marrow cells, which in a 
severe case are the abnormal haemocy to blasts and 
basophilic promegaloblasts. Owrcffs (194S) studies on 
the mechanism of the production of crises in congenital 
haemolytic anaemia also provide some evidence about 
the rate of development of the maturing erythroblast. 
In his case 4, regeneration of “pro-cry throblasts’* 
(pronormoblasts) in the marrow had started on the ninth 
day of the crisis. Reticulocytes were appearing in the 
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peripheral blood at a maximum rate between the twelfth 
and fourteenth days, giving a maturation time of three 

to five days. . 

The orthodox view that a single normoblast gives rise 
to a single erythrocyte has not passed unchallenged. 
Plum (1947) has maintained that the numbers of erythro- 
blasts in mitosis are too small to yield the requisite daily 
quota of erythrocytes necessary to maintain equilibrium, 
and has published details of studies in vitro in support of 
his contention. He believes that several erythrocytes 
may be 'derived from each normoblast by budding off 
(gemmation) from the cytoplasm. Bostrom (1948) 
supports Plum's view and illustrates schematically how 
the budding process is supposed to take place (see also 
p 30). These interesting and revolutionary view's need 
confirmation* Ponder (1948) on theoretical grounds 
does not see the necessity for gemmation, and it cannot 
necessarily be assumed that “ erythroblasts behave in 
vivo as they do in vitro in artificial culture. ^ . 

In our experience study of biopsy films of normal or 
hyperplastic normoblastic marrows yields no support 
for the mechanism of gemmation. The general appear- 
ance of films seems to indicate that ripe normoblasts 
become reticulocytes after the nucleus is lost. If, for 
instance, an actively erythropoietic marrow film from a 
patient with haemolytic anaemia is examined, satisfactory 
evidence of budding from the cytoplasm is extremely 
difficult to find. On the other hand pyknotic normo- 
blasts with well formed evenly rounded polychromatic 
cytoplasm are frequent. Some normoblasts with scanty 
irregularly contoured polychromatic or slightly baso- 
philic cytoplasm may be seen, and at first sight it would 
appear possible that these were cells which had already 
budded off cytoplasm. Against this hypothesis is the 
serious objection that the only non-nucleated masses of 
cytoplasm usually seen are fully formed polychromatic 
erythrocytes, which seem to be clearly derived from 
'pyknotic nucleated precursors. Basophilic and irregu- 
larly formed cytoplasmic masses are rarely found in 
normal or hyperplastic normoblastic marrow's. What 
happens to the normoblasts with scanty cytoplasm is far 
from clear: possibly they never mature at all. The 
possibility of limited gemmation appears more plausible 
in marrow films from patients with severe mcgalocytic 
anaemias. Promegaloblasts and polychromatic megalo- 
blasts of irregular contour are not infrequent, and 
separated fragments of cytoplasm may be found ; whether 
these fragments can develop into mature erythrocytes is 
unknown. 

Derivation of reticulocytes from normoblasts. — It is 
generally considered that reticulocytes arc direct suc- 
cessors of ripe normoblasts, after loss of the nuclei. 
The evidence for reticulocytes being younger than the 
bulk of the circulating erythrocytes is firmly based on 
the constant finding of increased numbers of reticulo- 
cytes whenever other evidence indicates an increased 
production of erythrocytes, as well as upon the fact that 
blood from the bone marrow contains a higher pro- 
portion of reticulocytes than is found in the peripheral 

• Several other heterodox hypotheses have been put forward (see 
Latcct, March 29, 1947). 


blood (Ungricht, 1938). Moreover, culture m vitro 
(Jacobsen, 1947) and survival studies on transfused blood 
containing a large number of - reticulocytes have demon- 
strated loss' of basophilic material and transformation 
into non-reticulated erythrocytes (Young anc * Lawrence, 
1945). 

Reticulocytes are on the average probably a little 
larger in diameter, and possibly a little thinner, than are 
adult erythrocytes, and it is presumed, therefore, that a 
slight alteration in corpuscular shape takes place after 
the cells have left the bone marrow'. It is possible that 
it is the spleen which is largely responsible for the 
modification of corpuscular shape (Miller and others, 
1942); however, the evidence can be interpreted in more 
than one way.* . 

The characteristic feature of reticulocytes is their 
ability to react supravitally with certain basic .dyes; 
they contain a component which is precipitated in 
unfixed corpuscles by brilliant cresyl blue as a blue 
granular network, and which in methanol -fixed air-dried 
films gives a diffuse basophilic staining and an appearance 
of ** polvchromasia ” to the whole field of corpuscles. 
Dustin (1944, 1946) has shown that this basophilic 
material contains ribonucleic acid, and it seems very 
■ likely that it represents the last remnants of the basophilic 
ribonucleoproteins so abundantly present in the primitive 
cells from which the reticulocyte has been derived. 
Indeed, if material aspirated from the bone marrow is 
treated with brilliant cresyl blue before smears are made 
and fixed, staining with Romanowsky dyes will then 
show that the basophilic material in the primitive cells 
and in the developing normoblasts has been aggregated 
by the dye in much the same way as in the reticulocytes 
themselves. Another apparent difference between 
reticulocytes and adult erythrocytes is that reticulocytes 
contain more protoporphyrin than do the adult cor- 
pusclest (Watson and Clarke, 1937; Watson and others, 
1944). Haemoglobinizing normoblasts also appear to 
contain free protoporphyrin (Stasney and McCord, 
1942). 

It is as yet uncertain whether all the erythrocytes that 
enter the blood stream are unripened reticulocytes or 
whether a proportion are fully ripened adult erythrocy tes. 
Heath and Daland (1930), Young and Lawrence (1945). 
and Wintrobe (1946) believe that a proportion of mature 
corpuscles arc delivered. Baar and Lloyd (1943) and 
Nizet (1946) disagree with this. Kizet’s view that all the 
cells delivered are reticulocytes is based upon a con- 
sideration of the constant proportion of the most mature 
type of reticulocyte in the blood stream compared with 
more immature types, and upon cross-circulation 
experiments with marked Heinz-body-containing 


* There is little question that reticulocytes seen in ratho! osteal 
states, such as in recovery frrm herrr.orrhe~e and in some haemolytic 
anaemias, are macrocytes vith an incr-avri diameter and volume 
(Domcxhek and Schwartz. 1940: Wintrobe, 1 946b). It is probably a 
fair inference that normal rttiralocytes a re also a little larger than 
adult corpuscles, but more evidence is reqvrrrd on this point. The 
controversial question as to ho* the spleen influences erythropoirsis 
is discussed by Doan and Wright (1946) and Damexhek and Estjm 
0947). 

t The reticulocyte protcporpbjTin cannot be held responsible for 
the reaction *irh cress t blue as supprstrd earlier by Watson and 
Clarke (1937), 
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erythrocytes. The question is important in relation to 
calculations of the longevity of the erythrocytes based on 
reticulocyte ripening times, and cannot yet be con- 
sidered as finally settled. 

Loss of the nucleus of the normoblast. — All authors 
agree that the nucleus of the normoblast disappears 
after it becomes pyknotic* and the cell is ripe. The 
mechanism of its disappearance has been the subject of 
much discussion. There is no unanimity; loss by expul- 
sion, karyorrhexis, or karyolysis have from time to time 
been thought to play a part. Naegeli (1931) considered 
that karyolysis took place, and states that this also was 
the view of Koellicker and Neumann. Amongst others 
in agreement with this conception are Cooke (1930), 
Davidson (1930), Habelman (1940), Kracke (1941), and 
Ferrata and Storti (1948). Howell (1890) thought on 
the other hand that expulsion was the mechanism, and 
more recently ^Maximov (1927), Turnbull (1936b), and 
Wintrobe (1946) support this point of view. Fieschi 
and Astaldi (1946) claim to have observed this in their 
marrow cultures. 

It has been argued that the formation of Howell-Jolly 
bodies indicates that karyorrhexis does in fact take 
place, and that in certain circumstances it is incomplete 
and that a remnant of the nucleus persists. However, 
study of the bone marrow in those cases where Howell- 
Jolly bodies are being formed shows that they are separ- 
ated off from the nucleus at a relatively early stage, 
before the nucleus as a whole becomes pyknotic. More- 
over, this form of karyorrhexis is not normally seen, and 
it seems, therefore, unlikely that the nucleus of the normal 
normoblast is disposed of by this mechanism. 

La Cour (1944) and Discombe (1946) have observed 
budding of nuclear material into the cytoplasm of animal 
and human polymorphonuclear leucocytes, and La Cour 
has suggested that the normoblast nucleus may lose its 
capacity to stain owing to loss of desoxyribonucleic acid 
during haemoglobin formation. It is interesting to note 
that in 1912 Schilling-Torgau suggested that it was only 
the chromatin of the normoblast nucleus that was lost. It 
seems almost unnecessary to point out that the presence 
or absence of a nucleus is usually judged by the presence 
or absence of chromatin staining and that loss of the 
nucleus itself would be inferred if for any reason its 
characteristic staining reactions were lost. In vitro , for 
example, depolymerization of nuclear desoxyribonucleic 
acid by the enzyme, desoxyribonuclease, and loss of 
staining has been shown by Brachet and Shaver (1948) to 
take place very rapidly. 

It is true that in most smears of bone marrow cells 
naked pyknotic nuclei are occasionally found. Because 
it is impossible to exclude mechanical trauma as the 
cause, this observation by itself cannot be used to 
support the view that loss by expulsion occurs in vivo , 
especially in view of the small number of free nuclei 
encountered. 

It is clear that no answer can yet be given as to how 
the normoblast loses its nucleus. The absence of transi- 

• Pyknosis of the nucleus denotes in general an injured or dying 
cell. M. J. D. White (1947), discussing pyknosis, suggests that this 
process may be a modified non-functional mitosis in which the 
chromosomes have become fused. 


. tion stages between pyknotic normoblasts and reticulo- 
cytes seems to us significant; whatever the process, 
-it is clearly a rapid one. 

Regulation of erythropoiesis. — In health, 

erythropoiesis is nicely balanced to compensate for 
the normal daily loss of corpuscles, amounting to 
about 1/120 of the total of the circulating erythro- 
cytes. Biopsy of the bone marrow gives a still 
picture of this normal compensatory erythropoiesis, 
but tells little of the mechanisms by which it is 
controlled and adjusted to the needs of the body. 
The very many haemopoietic factors which seem to 
be required are well reviewed by Cartwright (1947). 
These include several metallic elements (Schultze, 
1940), amino-acids, vitamins, and growth factors, 
many of them being nutrients in a general sense. 
Knowledge of their importance is based upon 
critical experiments with laboratory animals and 
observations on man. A more mysterious control 
may be effected by endocrine glands and growth or 
maturation substances of intrinsic origin. Clinical 
evidence suggests that anaemia may develop in 
hypothyroidism (Bomford, 1938), in hypopituitarism 
(Snapper and others, 1937; Watkinson and others, 
1947), in hypogonadism (McCulIagh and Jones, 
1942), and in Addison’s disease (Wintrobe, 1946c). 
In rats, hypophysectomy regularly results in anaemia 
(Crafts, 1946). Finkelstein and others (1944) have 
claimed that male hormones stimulate and female 
hormones depress erythropoiesis. It seems reason- 
able to conclude that the endocrine glands control 
erythropoiesis to some extent, perhaps largely by 
their action on the growth and metabolism of the 
body as a whole. The subject is reviewed by* 
Daughaday and others (1948). 

The reticulocyte-ripening'factor of Plum (1942) 
has already been mentioned, and Jacobsen (1947) 
refers to unpublished work suggesting that the 
ripening of normoblasts may be controlled by similar 
humoral factors. These interesting studies require 
confirmation. 

A lowered oxygen tension has for long been 
considered an important stimulus to erythropoiesis, 
and the polycythaemia which develops at high 
altitudes is evidence of this relationship. The recent 
studies of Hurtado and others (1945) indicate that 
although there is a wide variation in response, the 
majority of people residing at high altitudes develop 
polycythaemia. There seems a direct relationship 
between the degree, duration, and continuity of the 
anoxia and the rise in the erythrocyte count. 

The exact way in which oxygen-lack stimulates 
erythropoiesis is obscure. Grant and Root (1947), 
working with dogs, observed increased erythropoiesis 
to last for three weeks following loss of 30 per cent 
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of the blood volume, but the lowered oxygen tension 
and saturation in the bone marrow blood lasted 
three to five hours only; and the same degree of 
increased erythropoiesis ‘resulted when the blood 
loss was brought about by smaller successive 
bleedings, which did not result in any diminution 
in the oxygen tension (see also Grant, 1948 ; 
Berk and others, 1948). Again the studies made 
by Rosin and Rachmilewitz (1948) on marrow 
cultures in vitro indicated depression of erythro- 
poiesis at oxygen percentages below 12 per cent 
and increased activity when the oxygen percentage 
was raised to 50 per cent. These results are not, 
however, supported by the clinical observations 
of Reinhard and others (1 944), who observed a 
diminution in erythropoiesis, resulting in a fall in 
reticulocyte percentage and a fall in the erythrocyte 
count, when patients with sickle-cell anaemia 
inhaled 70 to 100 per cent of oxygen for eight to 
20 days. Tinsley and Moore 0948) reported an 
extension of this work. They observed depression 
of erythropoiesis in patients with sickle-cell anaemia 
and with congenital haemolytic anaemia who 
inhaled 50 to 95 per cent oxygen, and a rapid rise in 
reticulocytes when oxygen inhalation was discon- 
tinued. The reticulocyte response of patients with 
Addisonian pernicious anaemia treated with liver 
and inhaling 70 to 80 per cent oxygen was also 
partly suppressed; a second and higher response 
followed the cessation of oxygen inhalation. 

The picture is thus complex; reduced -oxygen 
tension stimulates and increased oxygen tension 
inhibits erythropoiesis. Increased erythropoiesis 
regularly follows haemorrhage, although (in dogs) 
no reduction in oxygen tension may be demon- 
strable, and in marrow cultures reduced oxygen 
tension is a depressant rather than a stimulant. 

It is obvious that further information is required 
on the relationship between plasma oxygen tension, 
the respiration of erythroblasts, and erythropoiesis. 
Possibly the actual flow of blood through the 
marrow is a factor which affects erythropoiesis, by 
controlling the delivery' of erythrocytes into the 
circulation from the sinusoids, and perhaps even by 
' affecting erythropoietic activity itself. 


Cytochemistry of Erythrocyte Development 

Before discussing what is known of the chemical 
changes which take place in the developing normo- 
blast, it is necessary to refer briefly to recent know- 
ledge in general cytochemistry', for in many respects 
the developing hacmopoictic marrow behaves in the 
same way as do other actively growing tissues. 


Although the factors which* control the growth and 
differentiation* of cells remain obscure, more is known of 
some of the chemical substances involved, and of the 
chemical changes which take place during differentiation. 
The nucleic aridsf play an important role in this process. 
They are biologically distributed in two chemical forms, 
the desoxyopentose polynucleotides or “ desoxyribonu- 
cleic acid ” and pentose polynucleotides or ribonucleic 
acid/* Caspersson and his school (consult Caspersson and 
Santesson, 1942; Caspersson, 1946; Thorell, 1947a) have 
studied the distribution of these two forms of nucleic 
acids by means of their ultra-violet spectral absorption. 
This is revealed from a sequence of monochromatic 
photographs or photometer readings obtained from a 
quartz microscope illuminated through a monochro- 
mator. 

Both cell nuclei and the cytoplasm of young, actively 
growing cells can be shown to contain nucleic acids in 
high concentrations (Caspersson and Schultz, 1939, 
1940). Both forms of nucleic acid are found. The 
nucleolus and cytoplasm contain ribonucleic acids 
associated with proteins; the Feulgen reaction* is 
negative in these areas of the cell. The nucleolus may 
also contain protein of the histone type.| The chromatin 
and chromosomes contain, however, desoxyribonucleic 
arid, and are Feulgen-positive; they also contain 
proteins. 

Caspersson (1946) has suggested a number of principles 
which he believes to be of wide applicability': that 
protein synthesis needs the presence of nucleic acids; 
that the nucleus is the centre of the cell for the formation 
of proteins and that the nucleolus-associated chromatin 
secretes into the nucleolus substances of protein nature 
which diffuse outwards to the nuclear membrane; and 
that it is on the outer surface of the nuclear membrane 
that ribonucleoproteins are synthesized4§ 

Brachet and his school have approached the subject 
independently from a different angle. They have utilized 
enzymes (nucleases) to depolymerize nucleic acids from 
fixed cells and have judged their effects by alterations in 
the staining reactions, particularly with pyronin-methyl 
green. Purified ribonuclease has been used by Brachet 
(1942, 1946) and Brachet and Shaver (1948), and 
desoxvribonuclease (McCarty*, 1946) has been employed 
to depolymerize desoxyribonucleic acid (Brachet, 1942; 
Sanders, 1946; Brachet and Shaver, 1948; Catchsidc and 

* The Shorter Oxford Dictionary defines ** differentiation ** (b:o! # 
as: "The process, or ihe result of the process, by which in th- 
coursc of development a part, organ, etc., is modified into a special 
form, or for a special function; specialization; also the gradual 
production or differences between the descendants of the same 
ancestral types.” (See also Bloom. 1937.) 

t Extensive treatment of the whole subject of the role of the nucleic 
adds is given in two recent symposia (1946, 1947) and in the res jews 
of Greenstein (1944) and Hevrsey (I94?b>. 

* The Feulgen reaction (Feulgen and Roxtmbecfc. 1924) is generalK 
held to be a specific cytochemical test for desoxyribonucleic acid 
(Dodson. 1946; StowelJ, 1946). although this has been questioned 
(Carr, 1945; Stedman and Sirdman. 1947). The chemistry of ih- 
reacuon has been investigated by Stacey and others (1946). 

* Tfco view that histones are important nucleolar constituents has 
ereently been challenged (Pollster and PJt, 1947; see Tito S ted man 
and Stedmzn, 1947). 

i Sf:rge!man and K amen (1947) base warned against oecevsanU 
accepting the conception of a particularly close association between 
the formation of protein and the metabolism of nucleic acidt. 

1 Hinhelwood (1946) also renews the conditions tinder »fi*h 
proteins are synthesized. 
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Legends. Plates I to III 


Plate I 

3 n Sections of Aspirated Sternal Marrow 

Fig. 1. — Normal adult man. Iron hacmatoxylin and 
cosin, X 580. 

Fig. 2. — Aplastic anaemia in man, with severe normo- 
cytic anaemia and thrombocytopenia purpura. 
Marrow hypoplastic, with many fat spaces and few 
cellular areas. Iron hacmatoxylin and cosin, X280. 

Fig. 3. — Idiopathic hypochromic anaemia in female. 
General hyperplasia, with numerous crythroblasts. 
Delaficld’s hacmatoxylin and Giemsa, X'SSO. 

Fig. 4. — Addisonian pernicious anaemia. Very hyper- 
plastic marrow. Iron hacmatoxylin and cosin, X580. 

Fig. 5. — Subacute combined degeneration. No anaemia. 
Marrow of normal structure. Gordon and Sweet’s 
modification of Wilder’s silver impregnation, to show 
argyrophil rcticulin fibrils outlining sinusoids and 
fat spaces and permeating stroma, X250. 

Fig. 6. — Addisonian pernicious anaemia. Hyperplastic, 
megaloblastic marrow; stained by silver impregna- 
tion to show outlines of dilated sinusoids and increase 
in rcticulin of stroma, X250. 


Plate II 

Figs. 1 and 2. — Bone marrow from two patients with 
severe Addisonian pernicious anaemia. Many primi- 
tive promegaloblasts are present. Erythrocyte count 
- approximately 1,000,000 per c.mm. 

Fig. 3.* — Typical mcgaloblasts from the bone marrow 
of a patient with Addisonian pernicious anaemia. 
Erythrocyte count 1,500,000 per c.mm. 


Fig. 4. — Intermediate mcgaloblasts from the bone 
marrow of a patient with mild Addisonian pernicious 
anaemia. Erythrocyte count 3,400,000 per c.mm. 

Fig. 5. — Intermediate mcgaloblasts from the bone 
marrow of a patient with stcatorrhocn. Erythrocyte 
count 4,300,000 per c.mm. 

Fig. 6. — A primitive marrow from a patient with 
tropical nutritional anaemia. Erythrocyte count 
1,600,000 per c.mm. 

Fig. 7. — The ^megaloblastic bone marrow of a patient 
with pernicious anaemia of pregnancy. Erythrocyte 
count 2,800,000 per c.mm. 

All the preparations in Plates II and III were made 

from bone marrow aspirated from the sternum . Stained 

by May-Griinwald-Giemsa, X800. 

Plate III 

Fig. 1. — Normoblasts from the bone marrow of a 
normal adult man. 

Fig. 2. — Micronormoblasls from an iron-deficient bone 
marrow. 

Fig. 3. — Macronormoblasts from the bone marrow of 
a patient with a macrocytic haemolytic anaemia 
(nocturnal hacmoglobinuria). 

Fig. 4. — Abnormal mcgaloblasts from the bone marrow 
of a patient with pernicious anaemia of pregnancy. 

Fig. 5. — Mcgnloblast-likc cells from the bone marrow 
of a patient with leukannemia. (We arc indebted to 
Dr. Sheila Ncwstcad for this film.) 

Fig. 6. — A mcgaloblnst-likc cell amongst normoblasts 
in a bone marrow film from a patient with carcino- 
matosis of the bone marrow. 



Holmes, 1946). The results of this work are very similar 
to those of Caspersson. Brachet (1946) considers, 
however, that chromatin, especially the heterochromatin,* 
contains a proportion of ribonucleic acid (see also 
Kauffman and others, 1948) and that the nucleus is of 
minor importance in relation to the synthesis of cyto- 
plasmic protein compared with the “ cytoplasmic 
particles ” (mitochondria and microsomes) with which 
the ribonucleoproteins are largely associated (Bensley, 
1942; Claude, 1943; Brachet, 1946). 

The cytochemistry of the developing bone marrow 
cells has been studied by several authors. Thorell 
(1947b, etc.) has developed Caspersson’s techniques 
of ultra-violet absorption microspectrophotometry. 
Brachet (1942) has applied his ribonuclease test to 
various amphibian and mammalian bone marrows. 
White (1947) has extended Brachet’s work to normal 
and pathological human marrow cells, and J. N. 
Davidson and others (1948) have used the ribo- 
nuclease test as well as chemical microanalysis of 
marrow nucleic acids. Dustin (1946, etc.) has em- 

* Heterochromatin (Heitz, 1929) is chromatin closely associated 
with the nucleolus and is thought to possess important metabolic 
functions (see Schultz. 1947). It is probably identical with the 
nucleolus-associated chromatin of Caspersson, which Thorell (1947b) 
believes may regulate the growth of marrow cells, as it does of cellular 
growth in general. 


ployedribonucleasc in his researches on reticulocytes 
and Wislocki and Dempsey (1946) have subjected 
samples of Rhesus monkey marrow to ribonuclease 
in addition to other histochemical techniques. 

Thorell’s work, recently summarized in a mono- 
graph (Thorell, 1947b), deserves further considera- 
tion. He worked with the marrow of rats and 
rabbits, and with normal and pathological human 
marrow. Individual living cells were subjected to 
analysis at different growth stages and the concern 
trations and proportions of nucleic acids, proteins, 
and haemoglobin were determined by means of 
their characteristic absorption maxima at particular 
wavelengths of the ultra-violet.* 

Thorell ’s work has provided examples of the more 
general views of Caspersson. The primitive pro- 
normoblasts contain the maximum amount (5 per 
cent approximately) . of ribose polynucleotides in 
the cytoplasm and nucleoli. Desoxyribonucleic acid 
is confined to the nuclear chromatin and nucleolus- 
associated chromatin. The concentration of ribose 

* The nucleic acids give a maximum extinction with light of wave- 
length 257 m/j. Proteins were estimated by absorption maxima at 
280 iTtyi. attributable to their content of tyrosine and tryptophane 
(Holiday, 1936), and haemoglobin was estimated by absorption 
maxima at 404.7 m/j and 435.8 m/i (the Sorct band). 
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Fig. 5. 


Figs. 1-4. — Bone marrow obtained by sternal 
puncture biopsy from patients who died of 
severe refractory anaemia. In Fig. 1 the 
marrow cells are particularly large and piimi- 
ti\e. Fig. 2 shows maturing megaloblasts as 
well as primitive cells, some of them mcgalo- 
blasts; also cells with pyknotic nuclei and 
degenerating cytoplasm. Fig. 4 shows primi- 
tive cells and degenerating cells with basophilic 
cytoplasm. 


Fig. 5. — Megaloblasts from the bone marrow of 
a patient with Addisonian pernicious anaemia, 
stained by Sudan black by the method of 
Baker (1945) The mitochondria are chiefly 
found in the perinuclear zone. Note the 
deeply stained granulocytes at the top of the 
figure. 


Plate IV. 
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polynucleotides in the cytoplasm diminishes moder- 
ately in partially differentiated cells but markedly 
so in the nucleolus. ' By the time the cytoplasm is 
polychromatic the concentration of ribonucleic add 
has decreased to one-tenth of its maximum value 
and has completely disappeared in ortho chromatic 
cells. This work, therefore, supports the impression 
that ribonucleic acid x concentration is paralleled by 
the depth of cytoplasmic basophilia. 

Absorption attributable to substances of por- 
phyrin type was not observed in the cytoplasm of 
the most primitive cells; the earliest cells in which 
it was first detected were of moderate maturity with 
polychromatic cytoplasm, at a concentration coire- 
sponding to 3 p.gg. df haemoglobin per cell. The 
haemoglobin content increases to 28 pug. in the 
most ripened cells with fully pyknotic nuclei, at a 
concentration of 20 to 25 per cent. The final rise 
in concentration of haemoglobin to 33 per cent is 
attributed by Thorell to shrinkage of the cell when 
it changes from a rounded form as a normoblast 
to a disc-like erythrocyte. 

On the basis of his cytochemical analysis Thorell 
r refers to four phases of activity in the development 
of the normoblast: (I) a phase of growth where 
- the concentration of ribonucleic acid is maximal, 
(2) a phase of declining growth where the ribonucleic 
acids are diminishing and basic cellular proteins like 
gtobin are. being synthesized, (3) a phase of differen- 
tiation when haemoglobin is being formed rapidly, 
and (4) a phase of declining differentiation. 

Although the globin necessary for haemoglobin 
synthesis is probably formed at an early stage in the 
life of the erythroblast (through participation of 
ribose polynucleotides as for protein synthesis 
generally) the formation of haem compounds and 
their coupling with globin appears to take place at 
a later stage, after the ribopolynucleotides have 
substantially disappeared (see also Shemin and 
Rittcnberg, 1946). 

The complexity of the apparatus and methods 
used by the Caspersson school is a disadvantage. 
Recently -E. M. iope (1949) and Barer and others 
(1949) have outlined a simplified technique using the 
reflecting microscope (Burch, 1 947). By this method 
. simultaneous monochromatic cross-sections of the 
cell structures may be studied (Text Fig. 3). The 
intracorpuscufar haemoglobin of individual erythro- 
cytes produces the same intensity of absorption at 
the Sorct band as was expected from studies of 
haemoglobin in simple solution. 

I onisation of haemoglobin. — Knowledge of the 
mechanism of haemoglobin synthesis is still very' 
incomplete. Ducsberg in - 1 93S published a good 
review of the position up to that time, and Bur- 


mester (1937), in a chemical study of pigment forma- 
tion in avian erythroblasts,' included figures for the 
iron content of cells at different stages of develop- 
ment. The precursors of the porphyrin ring have 
for long remained mysterious, but. recently Shemin 
and Rittenberg (1946) have shown that in rat and 
man glycine labelled with N l5 -isotope is built into 
protoporphyrin and ultimately appears in the 
haemoglobin of the m a tme, erythrocytes. ' A similar 
synthesis has been demonstrated in vitro when duck 
erythrocytes and erythrocytes from patients with 
sickle-cell anaemia were incubated with N 15 -con- 
taining glycine (London and others, 1948). Glycine 
containing C 14 -isotope in the ^-position has also 
been used in similar experiments; it is incorporated 
into both haem and globin moieties of haemoglobin 
(Altman and others, 1948). 

ThorelPs work, already referred to, indicates the 
relatively early diminution in cytoplasmic ribopoly- 
nucleotides in polychromatic erythroblasts before 
the start of haemoglobin formation. H. M. Jope 
(1948) points out that at this stage the cytoplasmic 
protein is probably related to the globin of haemo- 
globin, and that, later, haemoglobin itself is elabor- 
ated from this globin, which either forms haem 
groups on its surface or combines with them after 
their formation. The cytoplasmic acidophiiia of 
the early .polychromatic normoblast is thus due to 
its content of globin rather than of haemoglobin, 
which is developed later. 

Siderocvtes . — An interesting abnormality of the distri- 
bution of iron in erythrocytes and their precursors has 
. recently been described. G rune berg (1941, 1942) 

observed siderocvtes, or erythrocytes with granules giving 
the Prussian-blue reaction for iron in the blood of 
normal rat, mouse, and human embryos, and in targe 
numbers in mice with a congenital anaemia/ Later they 
were observed in adult human blood by Doniach and 
others (1943), and further details have been provided by 
Pappenheimer and others (1945), Case (1946), McFadzean 
and Davis (1947), and Dacie and Doniach (1947). 
Siderotic granules are to be found also in polychromatic 
and pyknotic normoblasts, usually as a few isolated 
granules, but sometimes confined to a zone around the 
nuclear membrane (Dacie and Doniach, 1947). 

Siderotic granules of the type described by Gruneberg 
seem not to be formed in damaged or aged ery throcy tes 
as has been claimed by Case* (1945), but seem rather to 
be produced at the same time as haemoglobin is elabor- 
ated. Possibly a proportion of the iron \shich normally 
enters the haem molecule is concentrated in loci in the 
cytoplasm of the developing normoblast in a relatively 
free form. It is noteworthy that when many granules 

* (19^) has used ct:hrr o- ac:-' 

potassium ferrocsar.idt after a rrthmirary ur/maWm- treat— .tru 
ammonium sulphide to demor.«:r3!t «:ierocytev By thrte technique* , 
sidrrocstrs (Ca^e> are present in normal ar.J increase n 

numbers in siored Hood. Case behests s;drro*.:r trances rdr-v; 
ar. atein? cel*. 
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are present the rest of the cytoplasm of the cell stains 
palely with acid dyes. When stained with basic dyes the 
siderotic granules appear as basophilic granules (Pappen- 
heimer bodies). The incidence of sidcrocytes in human 
pathology has not yet been fully worked out. They are 
not present in the peripheral blood of normal adults, but 
constantly appear in small numbers after splenectomy; 
in certain haemolytic anaemias almost all the corpuscles 
may be affected. 

Abnormal Erythropoicsis 

Megaloblastic erythropoicsis. — The, term 
44 megaloblast ” was used by Ehrlich (1880) to 
describe the type of nucleated erythroblast found in 
the bone marrow of patients with pernicious 
anaemia in relapse. Since that time the terms 
“ megaloblast ’’and 44 megaloblastic erythropoicsis ” 
have been widely used in descriptive haematology, 
but their correct usage and limits, and their signi- 
ficance, have proved to be a controversial problem. 

Morphology of the megaloblasts . — Megaloblasts 
differ from normoblasts in several ways; they are 
larger cells with increased cytoplasm and nuclear 
size and at every stage in development they have a 
different and more open nuclear chromatin pattern, 
and a tendency in the later types for the cytoplasm 
to manufacture haemoglobin at stages when the 
chromatin of the nucleus is still arranged in an open 
manner. We should like to emphasize several 
general points before describing the cells themselves. 
First, that the. 44 megaloblastic ” change may be 
appreciated at all stages in development from the 
most primitive types to the most mature ortho- 
chromatic megaloblasts with pyknosis of the 
nucleus; secondly, that the degree of abnormality 
varies greatly between cells of the same apparent 
age apd that all grades of change may be seen 
between grossly abnormal cells through intermediate 
types to cells which are almost if not quite normal; 
and thirdly, that 44 megaloblasts ” are not normally 
present in the marrow. However, although they 
are essentially pathological cells, megaloblasts are 
not a race of cells apart but a type of abnormality* 
affecting cell growth and maturation, which develops 
to a greater or lesser extent as the result of deficien- 
cies in growth factors of which the antf pernicious 
anaemia factor is an important example. 

These points will now be considered in more 
detail. The earliest megaloblasts, the promcgalo - 
blasts (Fcrrata and Negr iros-Rinaldi, 1914)* are 
larger cells than the pronormoblasts, which are their 
normal counterparts. Jn size, they range from 20 to 

* Erythrocyte precursors are not the only developing cells affected 
by deficiency of the anti-pernicious anaemia factor. Abnormally 
large and atypical granulocytes arc quite as characteristic, but their 
description is beyond the scope or this article. As in the megaloblasts 
a characteristic feature is an asynchronism between the growth and 
development of the nucleus and the cytoplasm. 


25 \i in diameter in stained dried films. The cytoplasm 
is deeply basophilic and relatively abundant, with 
numerous mitochondria. The chromatin of the 
nucleus is arranged in a characteristically well 
defined finely stippled manner, and one or more 
basophilic nucleoli can be identified. From these 
basophilic promegaloblasts a scries of ripening 
megaloblasts develop. These cells remain larger 
than normal throughout the ripening process, and 
the cytoplasmic outline is usually less round than 
in the normal series. When the cytoplasm attains 
a polychromatic staining reaction, this is often far 
in advance of that expected on the basis of nuclear 
structure, and mitochondria arc still numerous. 
Thus polychromatic megaloblasts with small nuc- 
leoli are often observed, and the cytoplasm may even 
become orthochromatic before pyknosis of 1 the 
nucleus has been completed. As the cells mature 
the nuclei become smaller and the chromatin more 
condensed ; nevertheless, the chromatin pattern 
remains more open than in developing normoblasts. 
The chromatin takes the form of short strands and 
small nodes, but there is sufficient 44 parachromatin ” 
to give an overall mottled effect. The nucleolus- 
associated chromatin remains finer and more 
discrete from the rest of the chromatin than in 
normal development. As the cell matures further 
the chromatin strands thicken and the nodes enlarge 
and tend to fuse, but complete homogeneous pyk- 
nosis is rarely seen. Tiie nucleus is at first evenly 
rounded or slightly oval in shape, but often becomes 
distorted and has an irregular outline before it is 
fully pyknotic. The mitochondria finally disappear. 
Abnormal mitosis and nuclear fragments (Howell- 
Jolly bodies*) are quite frequently seen. The 
difference between .cells developing normally and 
those with well marked megaloblastic changes 's 
illustrated in Figs. 1-8 and 22-29 of the Coloured 
Plate and in Text Fig. 1. 

Intermediate megaloblasts . — The above descrip- 
tion and the illustrations apply to megaloblasts as 
seen in well stained smears from patients with 
severe Addisonian pernicious anaemia. The degree 
of the abnormalities and the extent to which the 
cells deviate from the normal are closely linked with 
the severity of the lack of haemopoietic factors. 
This is illustrated in the photomicrographs of 
Plate II and the Coloured Plate, and in the Text 
Fig. 1, in which are shown a scries of scale drawings 

* Howell-Jolly bodies arc small round Fculgcn-posiiivc bodies, - 
approximately 0.5 to 2 ft in si>c. They arc derived from nuclear 
chromatin and may be seen in polychromatic and orthochromatic 
erythroblasts. It is not certain whether they arc produced by nuclear 
knryorrhexis or arc formed from chromosomes, which have been 
isolated during mitosis. They arc found in many types of anaemia 
and are especially frequent in Addisonian pernicious anaemia, in 
severe haemolytic anaemias, in idiopathic stcatorrhoea (Engel, 1939), 
and after splenectomy (Singer and others, 1941). 
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of megaloblasts and a series of normoblasts for 
comparison. The megaloblasts in the four photo- 
micrographs of marrow films (Plate II, Fjgs. 1-4) 
differ not only in size but in the extent to which 
they deviate from normal cells. These four patients 
A, B, C, and D had anaemia of varying severity; 
A and B were the most severe cases, with approxi- 
mately 1,000,000 erythrocytes per cm; case C 
was less severe, with 1,800,000 erythrocytes per 
c.mm. ; and case D the least anaemic with 3,400,000 
erythrocytes per c.mm. It is evident that not only 
is the degree of megaloblastic change intimately 
linked with the seriousness of the lack of haemo- 
poietic factors and that it is hence proportional to 
the severity of the anaemia in the patient, but that 
the relative proportion of primitive to maturing 
megaloblasts is also affected. It is in the severely 
anaemic patient that the primitive cells are most 
abundant, and in the mildly anaemic the least 
abundant. Bilaki-Pasquier (1948) refers to stained 
marrow containing many primitive megaloblasts as 
“ moelle bleue,” and notes that the primitive cells 
are most numerous when the peripheral erythrocyte 
count is lowest. See also Leitner (Leitner and 
others, 1949d). 

The nature of the megaloblastic change . — Megalo- 
blasts are produced when there is a deficiency of 
certain haemopoietic factors, which normally are 
necessary for effective growth and division and for 
normal differentiation. These factors may resemble 
enzymes or coenzymes in their action, and only 
minute amounts may be required ; in the case of the 
recently purified liver factor (Lester Smith, 1948), 
it has been calculated that 1 og. per day is sufficient 
(Rickes and others, 1 948). * The effect of a deficiency 
of the liver factor is that haemopoiesis becomes dis- 
ordered and ineffective. The exact details of how 
this is brought about are still obscure; certainly 
mitosis is deranged to some extent (Japa, 1945), 
and may occasionally be multipolar or incomplete, 
with variation of chromosome numbers in the 
daughter cells (La Cour, 1944). There seems to be 
no deficiency in the synthesis of ribonucleic acid as 
judged by the amount of cytoplasmic and nucleolar 
basophilia removable by ribonuclease (White, 1947), 
or by microanalysis (J. N. Davidson and others, 
1948)— indeed, the content of both types of nucleic 
acid in the marrow is increased. The derangement is 

• H h ouisjd^ the ope of ihi* ar»tcl£ *o consider in detail wh-mer 
' itamin n,, is but one of several factors, absence of which will caus* 
megaloblastic change. It is probable that more than one factor is 
concerned and that the normal chain of processes can be broken at 
several places. It is generally held that in patients with th: sprue 
s>ndrome. in certain relatively refractory mc^atoblavhc anaemias, in 
pernicious anaemia of rrecnancy. and in nutritional meca’cxrytic 
afonc * even m large doses, may not be wholly effectiva 
tWills. 1Q4R). Jt may be added that pterpvlglutamic arid is no: 
exclusively concerned with crythropoiesir, but is a prowth factor in a 
wide btolopical sense. 


a complex one affecting both growth and differentia- 
tion and has important effects on cell size, chromatin 
arrangement, and cytoplasmic ripening, and typi- 
cally results in an asynchronism between nuclear 
and cytoplasmic maturation, a point recently 
emphasized by Bessis (1946, 1948). It has already 
been mentioned that similar changes may be 
observed in the developing leucocytes. Thorell 
(1947b) has studied the distribution of ribose poly- 
nucleotides and of haemoglobin in the megaloblasts 
of marrow from two patients with pernicious anaemia 
by the micro-spectropho tome trie method. He 
found haemoglobin present in cells that still possessed 
the same high concentration of cytoplasmic and 
nucleolar ribose polynucleotides that normally 
characterize only the more primitive e ythrocyte 
precursors. Use of the ribonuclease test shows, 
however, that in those megaloblasts which actually 
develop to erythrocytes there is a steady decrease 
of both cytoplasmic and nucleolar ribonucleic acid 
content. In view of this, it seems possible that 
Thorell has omitted to analyse the most mature 
forms of megaloblasts. 

The effects on erythropoiesis of a deficiency of the 
liver principle are mainly twofold: primitive pro- 
megaloblasts are present in >far larger proportion 
than are primitive cells in normal marrow, and may 
total 50 per cent or more of the erythroblasts. In 
addition there is a variable proportion of maturing 
abnormal cells (megaloblasts) from which evolve 
the megalocytes and poikilocytes of the peripheral 
blood. In addition to primitive cells which definitely 
have the characters of promegaloblasts, there arc 
also found increased numbers of undifferentiated 
reticulum cells and transitional stages between the 
most primitive cells and promegaloblasts and myelo- 
blasts, such cells corresponding to the haemocyto- 
blasts of normal marrows. 

As has been mentioned, it is in the most severe 
cases that the higher proportion of primitive cells 
is found, and it seems clear that in these patients 
there is a severe impediment to successful cellular 
differentiation. It is not so clear what happens to 
the primitive cells if they fail to mature; in certain 
of our marrows it is possible to trace stages in 
shrinkage of cell size and pyknosis of the nucleus, 
without cytoplasmic ripening, until a small indeter- 
minate remnant results. In the less severely affected 
marrows the proportion of primitive cells is less, 
and degenerating forms are inconspicuous; many 
more maturing megaloblasts are present, and jt is 
obvious that whilst erythropoiesis is abnormal and 
relatively ineffective, it is at least proceeding. This 
is borne out by the fact that in these cases the 
peripheral blood count may remain in equilibrium 



24 


J. 'V. DACIE AND J. C. WHITE 


for long periods at a moderate level, or at least that 
it only falls slowly. 

The variable nature of megaloblastic marrow . — In 
the preceding sections on megaloblastic erythro- 
poiesis we have attempted to describe the mor- 
phology of megaloblasts and their causation, and 
have developed the thesis that all grades of change 
may be recognized between extremely abnormal 
cells and cells almost indistinguishable from the 
normal. In this section we shall present further 
evidence as to the variability of the megaloblasts 
and of the marrow picture as a whole in patients 
with Addisonian pernicious anaemia, and will 
indicate our views as to the abnormal types of 
erythropoiesis met with in the sprue syndrome and 
in pernicious anaemia of pregnancy. In the follow- 
ing section we shall compare our own viewpoint 
with that of other workers. 

It is well known that in Addisonian pernicious 
anaemia the volume of red marrow increases and 
extends out into the long bones of the skeleton and 
that there is a diminution or complete loss of the 
fat cells normally so abundant in the marrow of an 
adult (see Plate I), and the same is true to a greater 
or lesser extent in the other allied megalocytic 
anaemias, Sternal puncture usually provides very 
cellular material in which marrow particles are 
readily seen. If differential cell counts are per- 
formed an increased erythrogenetic-leucogenetic 
ratio will be found (Schartum-Hansen, 1937). This 
is illustrated from our material in Text Fig. 4; 
there is a general correlation between the severity of 
the anaemia and the predominance of erythrogenetie 
cells, but the picture is complicated because of the 
associated disturbance in leucopoiesis. These 
marrows are in fact not as one-sidedly erythrogenetie 
as in chronic haemolytic anaemias with similar 
degrees of anaemia. In Text Fig. 4 are also shown 
the results of plotting the degree of anaemia of the 
patient (a rough indication of the severity of the 
lack of haemopoietic factors) against the proportion 
of primitive nucleolated cells with basophilic cyto- * 
plasm* amongst the whole population of nucleated 
erythrogenetie cells. There is an obvious positive 
correlation between the degree of anaemia and the 
proportion of primitive cells, and, as has been 
mentioned before, the megaloblasts become less 
and less abnormal and more “intermediate” pari 
passu with the falling proportion of primitive cells 
and reduction in anaemia (Plate II). 

Of the thirty-five patients whose data are plotted 
in Text Fig. 4, nine were suffering from non- 

• Reticulum cells and slightly more mature types corresponding to 
hnsmocyt oblasts which we could not definitely identify ns erythrocyte 
precursors were not counted. 


Addisonian megalocytic anaemias, and it is parti- 
cularly interesting to note that the data from these 
cases fall into line with those obtained from the 
more numerous patients with typical Addisonian 
anaemia. In the two severely anaemic patients, 
one an example of tropical nutritional megalocytic 
anaemia and the other a patient with pernicious 
anaemia of pregnancy, there was a high proportion 
of primitive cells and well marked megaloblastic 
change; in the less anaemic patients there were 
fewer primitive cells and the megaloblasts were 
much more intermediate in type. As far as our 
experience goes the megaloblastic picture of the 
non-Addisonian megalocytic anaemias is similar to 
that of typical untreated Addisonian pernicious 
anaemia of comparable severity. 

Effect on megaloblastic bone marrow of treatment with 
the liver anti-anaemic principle . — It is well known that 
the bone marrow of a typical case of Addisonian perni- 
cious anaemia rapidly loses its megaloblastic character 
and becomes normoblastic if effective doses of liver arc 
given. The exact details and mechanism of this change 
have been a matter of some controversy (Jones, 1943; 
Limarzi and Levinson, 1943; Leitncr and others, 1949c). 
It is probable that the ripening megaloblasts complete 
their transformation into mcgalocytcs if they have lost 
the capacity for further divisions, but that the primitive 
nucleolated cells respond to the presence of the liver 
haemopoietic factor by undergoing normal divisions and 
differentiating as normoblasts. 

The earliest changes arc appreciable within twenty-four 
hours of an injection of liver extract, when basophilic 
pronormoblasts and normoblasts at an early stage of 
development may be seen in addition to ripening mcgalo- 
blasts. During the next forty-eight hours many more 
ripening polychromatic normoblasts appear and the 
megaloblasts arc less conspicuous, but the latter do not 
entirely “disappear for at least five days, even if the dose 
of liver produces a maximal response.* If the liver 
extract is not fully potent a very mixed picture results, 
“intermediate ” megaloblasts replacing to a greater or less 
extent the expected normoblasts. The completeness or 
otherwise of the transformation towards normoblastic 
formation (and the disappearance of abnormal leuco- 
cytes) is, naturally, the most delicate index of the 
adequacy of the liver extract. 

A discussion on the mega/oblast problem. — 1 The 
preceding sections have been a presentation of our 
own point of view, based on our own material. A 
point of great controversy is the question of “ inter- 
mediate” forms of megaloblasts; whether they 
occur at all, what is their significance, and what is 
their relationship to macronormoblasts. The 
conception of “ intermediate ” forms is by no means 

* The change from nn inhibited marrow with a high proportion of 
primitive cells to an actively maturing erythrogenetie one is accom- 
panied by striking reductions in the content of both ribonucleic and 
desoxyribonucleic acids (J. N. Davidson and others. 1948). 
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new, but relatively few authors have paid much 
attention to it. In pre-war Continental literature 
these forms were referred to under a variety of 
names, as “ macroblasts ” by Schartum-Hansem 
(1937), as “ megalo-norm oblasts ” by Hotz and 
Rohr (1938) in cases of sprue, and as “ intermediate 
erythroblasts by Lambin and de Weert (1938, 
1939). They have been described by Trowell (1942-3) 
in tropical dimorphic anaemia and by Zuelzer and 
others (1947) in megaloblastic anaemia in infancy. 
Bessis (1946, 1948) in his review of the megaloblast 
question admits their existence, and Davidson and 
others (1947) refer to their occurrence in two 
patients with sprue, and they have been described 
as “atypical normoblasts” by Cooke and others 
(1948) in cases of idiopathic steatorrhoea, and ds 
“ intermediate erythroblasts ” by Innes (1948) in 
sprue. Our own views have been set out in two 
previous preliminary communications (Dacie and 
White, 1947; Dacie, 1948). Other workers have 
not considered the problem at all or have decided 
against the existence of intermediate forms (Jones, 
1943), and have stressed the striking differences 
between normoblastic erythropoiesis and gross 
megaloblastic change rather than the similarities 
which may be seen between the two series (Israels, 
1939; Leitner and others, 1949f). Most authors, 
however, including Dameshek and Valentine (1937) 
and Jones (1938), admit that mixed pictures occur 
and that a variable proportion of normoblasts may 
be found in a predominantly megaloblastic 
marrow. 

Not only are we convinced that intermediate 
forms occur, but we believe that they have a special 
significance ; they appear when the marrow suffers 
minor deficiencies of haemopoietic principles. They 
are seen, in our experience, in mild Addisonian 
anaemia before liver treatment, in more severe 
examples of Addisonian anaemia that have received 
suboptimal doses of liver, and in cases of the sprue 
syndrome^ and other megalocytic anaemias, where 
anaemia is relatively mild and response to liver 
unsatisfactory ; presumably in these cases some 
substance other than the purified liver principle is 
required, or utilization by the marrow is impaired. 
Wc feel that these types of cell deserve a wider 
recognition and should be referred to as “ inter- 
mediate megaloblasts “ rather than as / atypical or 
intermediate erythroblasts or normoblasts, because 
their pathogenesis seems to be the same as that of 
more typical megaloblasts. The difference is 
merely quantitative and the cells are less definitely 
abnormal. The question of their relation to 
macronormoblasts and heteroplastic erythroblasts 
is discussed in later sections. 


Other Types of Abnormal Erythropoiesis 

Macronormoblast ic erythropoiesis . — The term 
“ macronormoblastic erythropoiesis ” has been 
employed by Jones (1943) to describe the developing 
erythroblasts in conditions where there is a peri- 
pheral macrocytosis not dependent upon a deficiency 
of the liver principle. This type of blood picture is 
seen in some chronic haemolytic anaemias (Dame- 
shek and Schwartz, 1940), in liver disease (Bodley 
Scott, 1939), recovery from haemorrhage (Win- 
trobe, 1946d; Leitner and others, 1949g), and in 
patients responding to iron therapy where there 
has been iron deficiency. It is also found in late 
foetal life. The term macronormoblast refers to 
the nucleated precursors of the peripheral macro- 
cytes. ‘Jones, unfortunately, includes an increased 
proportion of “early forms (pronormoblasts and 
basophilic normoblasts) ” in his conception of a 
macronormoblastic marrow. To us it seems 
preferable to use the term solely to describe normo- 
blasts which are larger in size than their normal 
counterparts of similar age, and not to complicate 
matters by referring to an increased proportion of 
earlier types which, even if perfectly normal cells, 
would increase the average size of the normoblasts. 
Few authors seem, however, to have demonstrated 
the abnormal size of “ macronormoblasts ’* by 
direct measurement. Dameshek and Schwartz 
(1940) measured the diameters of the erythroblasts 
in the marrow film of a patient with acute haemo- 
lytic anaemia and found the cells to be from 1 to 
1.3 [i larger than normal cells of the same age group. 
We have also made some measurements, and con- 
trasted the maturing polychromatic and pyknotic 
normoblasts ‘in normal subjects with those from 
patients with macrocytic haemolytic anaemia and 
iron deficiency anaemia (Text Fig. 5). The results 
of such measurements as these are, however, open 
to question, as an increased proportion of more 
primitive cells produces an apparent macrocytosis, 
and it is very difficult to measure only cells of strictly 
comparable age groups. Our figures show, however, 
that whereas in the five normal marrows 11 to 26 
per cent of the cells measure 8 a or less, in the 
macronormoblastic marrow only 2 per cent of the 
cells are within this range and in the iron-deficient 
marrow there are as many as 70 per cent. As these 
small cells are all mature or almost mature types it 
seems reasonably certain that real differences exist 
(see also Plate III, Figs. 1-3). 

Do macro normoblasts differ from normoblasts 
in any respect other than size? Their nuclear 
structure resembles that of normoblasts and thus 
differs, from that of intermediate megaloblasts. 
Israels (1941) has stated that premature haemoglo- 



26 


J. V . ZMC/£ AND J . C. W'iy/rE 


binization of the cytoplasm of erythroblasts (pre- 
sumably macronormoblasts) often occurs in hyper- 
plastic marrows with normal maturation. This 
change seems to us to be a slight one and unreliable 
as a diagnostic aid. We often experience some 
difficulty in the recognition of individual macronor- 
moblasts, but believe that this is only to be expected' 
because both macronormoblasts and intermediate 
megaloblasts merge into the normal. The general 
trend of both abnormal types is, however, quite 
distinctive if the abnormalities are marked. 

Little is known as to why macronormoblasts 
develop or about the mechanism of their formation. 
In most instances they are found when haemopoiesis 
is proceeding rapidly and when there is a raised 
proportion of reticulocytes in the peripheral blood. 
Possibly in a hyperplastic marrow unripened cells 
are forced into the blood stream because the active 
growth of the marrow as a whole outstrips die 
maturation of individual cells. Abnormal size and 
occasionally the persistence of a nucleus, as well as 
cytoplasmic basophilia, may thus all be signs of 
immaturity. An alternative hypothesis is that large 
ripened normoblasts are produced as the result of a 
diminished number of cell divisions through which 
they have been derived from the pronormoblasts. 
The differences between the abnormal and normal 
are relatively slight, however, and it seems unlikely 
that a stimulated, actively erythrogenetic marrow 


would respond to the demand for more erythrocytes 
by reducing the number of cell divisions. 

Another hypothetical possibility .is that there is 
normally some humoral mechanism which controls 
the development and maturation of the erythro- 
blasts, similar to that described as controlling the 
maturation of reticulocytes (Jacobsen, 1947), an$ 
that in conditions of rapid erythropoiesis there may 
be a relative deficiency of ripening factors. At the 
moment all that can be said is that none of these 
hypotheses has been proved. 

Erythropoiesis in iron deficiency (Micronormo- 
blastic erythropoiesis). — The effect of iron deficiency 
on the erythrocytes of the peripheral blood is well 
recognized, but rather less is known about the 
morphology of the erythrocyte precursors in the 
marrow, and as to how deficiency of iron results in 
disordered erythropoiesis. Bodley Scott (1939) has 
reviewed the early literature and described his own 
findings in twenty-three patients. He found an 
increased cellularity of the marrow and an increased 
proportion of erythrogenetic cells roughly parallel 
to the severity of the anaemia. He described the 
predominant cells as polychromatic normoblasts 
41 with an irregular and jagged cell outline and only 
a small rim of slate-grey cytoplasm around the 
pyknotic nucleus.” Since Bodley Scott’s paper the 
disordered erythropoiesis of iron deficiency has 
received wider recognition (Wintrobe, 1 946e ; Whitby 
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and Britton, 1946), and might well be referred to as 
” micronormoblastic” in type (Plate III, Fig, 2, and 
Text Fig. 1). The haemocytoblasts and pro-erythro- 
blasts in iron deficiency seem normal in size and 
appearance and are usually present in a normal or 
slightly increased relative proportion, but there is 
usually an increase in the numbers of basophilic 
normoblasts (Leitner and others,! 949h). Our own 
observations and measurements (Text Fig. 5) 
confirm the small size of the more mature normo- 
blasts and are in agreement with Bodley Scott’s 
description. Cytoplasmic ripening seems to lag 
behind nuclear condensation, and fully ortho- 
chromatic cells are not seen. 

The presence of a hyperplastic erythrogenetic 
marrow in association with peripheral anaemia has 
led to the view that there is an arrest of maturation 
similar to that found in Addisonian pernicious 
anaemia. However, there is little obvious mor- 
phological evidence for this; not only are more 
normoblasts present than in the normal, but a high 
proportion seem to be maturing. It might be 
thought that the malformed hypochromic erythro- 
cytes and poikilocytes are unduly sensitive to the 
normal process of wear and ' tear and that this 
contributes significantly to the anaemia, which is in 
effect partly haemolytic* in type, and that the 
presence of so many normoblasts indicated a rapid c 
cell production. However, the level of reticulocytes 
in the peripheral blood in a case of untreated anaemia 
due to iron deficiency is rarely above 2 or 3 per cent, 
and the serum bilirubin is low. The fact that 
effective iron therapy leads to an outpouring of 
reticulocytes is in favour of the previous existence 
of some sort of retardation of development. It is 
possible that the effect of a lack of a sufficient level 
of plasma iron is a failure of the last stages of 
normoblast differentiation in addition to inadequate 
synthesis of haem, and that the ragged-bordered 
polychromatic but almost pyknotic normoblasts 
are dying cells, the most severely affected of which 
never become erythrocytes at all. The reduced size 
of these normoblasts is presumably directly due to 
the reduced synthesis of haemoglobin, resulting in 
decreased globin formations from its precursors, 
and hence a small cytoplasmic mass. 


Erythropoiesis in rejractory anaemia . — The refrac- 
tory anaemias (Bomford and Rhoads, 1941) are 
dyshaemopoictic anaemias often referred to by the 
descriptive titles aplastic, hypoplastic, or pseudo- 
aplastic, or as panmyelophthisic anaemias. For 
convenience we are also including “ refractory' 


f POwMe that this mechanism may contribute to the anaemia 
51 Ji* cdllcrra nean anaemia (Cooley’s anaemia). The hypochromic 
crytnTocyu* are extremely deformed, and there is evidence suggesiine 
increased haemolysis (DamesheJc, 1943). 


megaloblastic ” and achrestic anaemias. The whole 
group is probably heterogeneous, but has in common 
a resistance, more or Jess complete, to any treatment 
now known. It is because we do not think that 
the descriptive titles mentioned above necessarily 
indicate distinct entities that we hesitate to discard 
the more general term “refractory anaemia.” As 
a rule leucopenia or thrombocytopenia accompanies 
the anaemia, which is normocytic or macrocytic in 
type. 

The only aspect of this group that we are now 
considering is the cytology of erythropoiesis. There 
have been several important studies in recent years. 
Israels and Wilkinson (1940) described as suffering 
from “ achrestic anaemia ” six patients in whom the 
biopsied marrow was found to be megaloblastic or 
mixed megaloblastic and normoblastic. Bomford 
and Rhoads (1941), basing their account on sec- 
tioned biopsy or autopsy material, reported the 
marrow to be partly mature and cellular, or 
hypoplastic, or immature and cellular; and 
Davidson and others (1943) in a smaller series of 
cases reported the marrow, as studied by sternal 
puncture, to be hypocellular and normoblastic, or 
hypercellular and megaloblastic. Other patients in 
whom the marrow appearances greatly varied are 
described by Leitner and others (I949i). 

In our own material we have observed great variation 
in the type of erythropoiesis. This variability is illus- 
trated by the details of the following seven patients. In 
the first case there wqs a primitive marrow containing 
numerous haemocytoblasts and increased numbers of 
reticulum cells, with but few ripening cells, mostly inter- 
mediate megaloblasts, and a normocytic peripheral 
picture (Plate III, Fig. 4). In the second patient the 
marrow was extremely primitive, with some differentia- 
tion to typical megaloblasts, and a megalocytic peri- 
pheral blood picture (Plate III, Fig. 1). In the third 
patient the marrow was hyperplastic; primitive cells 
were present in moderately large numbers, and there 
was a moderate proportion of differentiating cells, some 
being megaloblasts. In addition, degenerating cells with 
pyknosis of the nuclei but without cytoplasmic ripening 
were conspicuous. The peripheral blood picture was of 
a megalocytic anaemia (Plate III, Fig. 3). In the fourth 
patient the marrow although hypoplastic at autopsy, was 
shown during life by sternal puncture to be primitive, 
but to contain differentiating cells definitely megaloblastic 
in type (Plate III, Fig. 2). In the marrow of the fifth 
patient found to be hypoplastic at autopsy', there was in 
life, on the other hand, very little evidence of a megalo- 
blastic change; most of the nucleated erythroblasts were 
normoblasts, a few were intermediate megaloblasts. The 
sixth patient, less anaemic than the foregoing, had a 
moderately hyperplastic and partly primitive marrow; 
once again the differentiating cells were mostly' megalo- 
blasts of intennediate type. In the seventh patient the 
marrow 3t biopsy appeared to be hyperplastic but not 
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primitive; erythropoiesis was normoblastic and normal 
except for some macronormoblasts with' almost pyknotic 
but distorted nuclei. Anaemia was, however, severe and 
slightly macrocytic in type. 

It is difficult to understand the mechanism of 
anaemia in those patients who have a hyperplastic 
and differentiating marrow (pseudo-aplastic anae- 
mia). Presumably in these cases the final matura- 
tion of the normoblasts is unusually slow or the 
ripe cells may die before reaching the circulation. 
Possibly also, in some cases, hyperplastic areas 
alternate with areas of hypoplasia. In the patients 
whose marrows are predominately primitive in 
type, the mechanism of the failure to deliver 
adequate numbers of erythrocytes into the peri- 
pheral circulation is probably similar to that which 
operates in Addisonian pernicious anaemia. The 
primitive cells fail, to a greater or less extent, to 
complete their differentiation, and may be seen to 
undergo pyknosis of the nucleus and to degenerate 
without differentiating at all. Of the maturing cells 
a variable proportion have characters more or less 
typical of megaloblasts. As with our own series of 
patients with typical Addisonian anaemia, tire more 
seriously anaemic the patient the more inhibited 
and primitive the marrow is likely to be. 

Where aplasia seems to follow a proliferating . 
marrow of primitive type, this change may well be < 
due to an intensification of the factors causing the 
anaemia, whether they be “ toxins,” lack of growth 
factors, or the presence of a growth antagonist. 
This change from hyperpIasiV to hypoplasia of the 
marrow was observed by Bomford and Rhoads 
(1941) in some of their patients. Marrow cellii- 
larity, diminishing as the disease progressed, seemed 
to be a characteristic feature of the group of patients 
whose marrows were shown to be hypercellular and 
“partly mature” at biopsy; in five patients, 
however, the change was from a “ partly mature ” 
marrow to an immature one. 

Erythropoiesis in haemolytic anaemia. — Increased 
haemolysis leads almost invariably to increased 
erythropoiesis,* and, in marrow biopsy smears of 
patients with an active haemolytic anaemia, erythro- 
poietic cells are usually extremely numerous. The 
type of erythropoiesis has almost always been 
described as normoblastic (Leitncr and others, 
1949j). Turnbull (1936c) has, however, identified 
megaloblasts in addition to normoblasts in post- 
mortem sections of marrows from several patients 
with acholuric jaundice who died of haemolytic 
crises, and he has suggested that in these cases 

* Ov-ren (I94S) has demonstrated that hypoplasia of the erythro- 
poietic marrow ceUs may be a cause of severe crises in congenital 
haemolytic anaemia; lack of maturation of primitive crythroblasts 
may aba be a cauvc (Dameshck and Bloom, 194S). 


there may have been a deficiency of haemopoictic 
factors. We have not yet encountered typical 
megaloblasts in marrow smears from our own 
patients; the normoblasts, however, tend to be a 
little larger than normal and may thus be described 
as macronormoblasts. This increase in size is most 
easy to recognize in the most mature cells. In 
addition to this we have noted, in patients where 
haemolysis is severe, that complete nuclear pyknosis 
is infrequent and that the nucleus of the almost 
mature cells with polychromatic cytoplasm may be 
slightly more “ open ” than in normal normoblasts, 
in relation to the acidophilia of the cytoplasm. 
Occasionally, the most mature nuclei may be irre- 
gular in shape. The whole picture is, however, 
unmistakably normoblastic rather than megalo- 
blastic. 

Erythropoiesis in leukaemia and allied disorders . — 
The association of anaemia with leukaemia is 
almost invariable, except in the earliest stages. In 
the peripheral blood the presence of undue aniso- 
cytosis and poikilocytosis and of crythroblasts 
suggests that erythropoiesis itself is disordered. 
Occasionally the disorder of erythropoiesis is 
dominant and the leucocyte abnormalities subsidiary 
or even subsequent; such cases, in which a severe 
macrocytic anaemia with evidence of abnormal 
erythropoiesis precedes the development of indubit- 
able leukaemia, have been referred to as “ leukanae- 
mia” (Leube, 1900;' Forkner, 1938; Foy and 
others, 1946). In addition to this variety of leukae- 
mia there are patients in whom the proliferative 
process predominately and persistently affects 
erythrogenetic cells. This -rare disorder was first 
described by di Guglielmo* as acute erythraemia 
or erythraemic myelosis. " Leukanaemia ” seems 
to occupy an intermediate position between ery- 
thraemia and leukaemia. 

In myelogenous, lymphogenous, and monocytic 
leukaemia, erythropoiesis is predominately normo- 
blastic, but a small proportion of cells simulating 
intermediate megaloblasts may be found; occa- 
sionally, and often towards the termination of the 
illness, these cells are present in higher proportions. 
“ Megaloblasts ” have been reported more fre- 
quently in cases of leukanaemia (Penati, 1937; 
Foy and others, 1946; Collins and Rose, 1948). In 
acute erythraemia, di Guglielmo lias described as 
“ paraerythroblasts ” the atypical cells which are 
frequently encountered, and whose origin in some 
cases may be traced from the proliferating reticulum 
cells (haemohistioblasts). Atypical mitoses and 
irregular and multilobed nuclei are not infrequently 

* In di Guglielmo’ s (1946) review in French there is a full biblio- 
graphy of his earlier papers. 
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seen in more mature forms of these cells, and there 
may also be unusually early acidophilia of the cyto- 
plasm. In -general, Tiowever, the type of erythro- 
poiesis has been described as normoblastic, although 
amongst the “ paraerythroblasts ” there are some 
cells which closely resemble megaloblasts ; these 
have been called “ megaloblastiform ” cells by 
Heilmeyer and Schoener (1941), and this term has 
been used by di Guglielmo himself and by Bessis 
(1948). Presumably also the patient described by 
Downey (1938b) as suffering from leukaemic 
reticulo-endotheliosis, in which megaloblast-Iike 
cells were observed to be developing heterotopically 
from reticulum cells, and the first patient described 
in Schleicher’s (1944b) paper represent examples of 
a further rare variant of the leukaemia-erythraemia 
group. 

* We have observed cells rather similar to inter- 
mediate megaloblasts in leukaemia (Plate III, 
Fig. 5) and in erythraemia. These cells are rather 
larger than normal for their apparent maturity, 
and the acidophilia of the cytoplasm is in advance 
of the form of the nucleus. In- general, we believe 
that this change towards a “ megaloblastiform ” 
type of erythropoiesis cannot be influenced by liver 
or folic acid therapy. In all probability it indicates 
more than a deprivation of growth factors by the 
rapid growth of leukaemic tissues, and is rather a 
reflection of the disordered growth caused by the 
“ leukaemic ” stimulus itself affecting erythropoiesis, 
and resulting in changes in morphology not unlike 
those caused by minor deficiencies in the liver 
haemopoietic principle (see also Schwarz, 1946). 

Erythropoiesis in carcinomatosis of the bone 
marrow . — The leuco-erythroblastic anaemia of car- 
cinomatosis of the bone marrow has been well 
described by Vaughan (1936a and b) and Turnbull 
(1936d). They have reported the presence of megalo- 
blasts of Ehrlich with premature ripening of the cyto- 
plasm in the bone marrow and in the peripheral 
blood. BothVaughan and Turnbull remark, however, 
on the small size of the megaloblasts; in Turnbull’s 
description of the marrow findings “most are 
relatively small megaloblasts with scanty cytoplasm 
and some are not appreciably larger than normo- 
blasts. . . . Erythropoiesis is, therefore, partly 
megaloblastic, partly normoblastic, the normoblastic 
usually predominating.” Bessis (1946) has also 
referred to intermediate types of “ erythroblasts ” 
when the bone marrow' is invaded by metastatic 
carcinoma. In our view it is uncertain whether 
these abnormal cells should be considered as 
macronormoblasts or megaloblasts; further study 
is required. In a recent case erythropoiesis w r as 
predominantly normoblastic, but isolated cells 


resembling intermediate megaloblasts could -be 
found (Plate III, Fig. 6). Possibly both types of 
reaction occur. The cause of these changes is 
obscure. Vaughan concluded that the growing 
tumour cells interfered with the metabolism of the 
erythfogenetic cells; this may well be the case. 

Cellular gigantism in human erythropoiesis . — The 
occurrence of cellular gigantism has recently been 
reviewed by Schwarz (1946) and by Berman (1947). 
Binucleated “erythroblasts” may be found in both 
normal and abnormal bone marrows and they probably 
arise by endomitosis.* Schwarz (1946) discusses at 
length the abnormalities in mitosis which give rise to 
these multinucleated cells and describes the very large 
erythrocytes (gigantocytes), 18-25 p in size, to which 
they give rise. He stresses the fact that no intermediary 
links are found between normal cells and gigantocytes 
and their multinucleated precursors. He does not 
consider that these giant cells are ever produced by 
amitosis. Berman found in eight normal subjects from 
1 to 5.1 binucleated cells per 1,000 normal erythroblasts. 
Multinucleated erythroblasts produced by multipolar 
mitosis are, however, not found in health; not one 
example was seen by Berman out of 53,167 erythroblasts 
examined in his eight normal marrows. In disease, 
however, they occur not infrequently. Limarzi and 
Levinson (1943) have described three types of multinu- 
cleated erythroblasts: the first is produced as the result 
of multipolar mitosis without cytoplasmic separation; 
the second arises by folding and lobulation of the 
nucleus and finally by separation of the nuclear frag- 
ments; and the third by complete or incomplete amitosis 
— a mechanism which has been questioned (Scfnvarz). 
The resulting giant cells are well illustrated by Limarzi 
and Levinson (1943), Schleicher (1944b), Schwarz (1946), 
and Berman (1947). 

Multinucleated erythroblasts have been observed in a 
variety of blood disorders; in Berman’s series, in cases 
of leukaemia, lymphoblastoma, pernicious anaemia, 
congenital haemolytic anaemia, thrombocytopenic pur- 
pura, and liver disease. Schleicher ( 1 944b) reported large 
multinucleated cells in a patient with reticulum-celled 
sarcoma (reticuloendotheliosis) of the bone marrow and 
in pernicious anaemia. Limarzi and Levinson’s case was 
considered to be an example of erv thro bias toma, and 
we have recently encountered a good example in a patient 
with pernicious anaemia of pregnancy (Plate III, 
Fig. 4). 

Berman has stressed the fact that these giant cells 
are not specific for any particular disease process, that 
the process may be reversible, as in pernicious anaemia, 
and that the nuclear and cytoplasmic patterns conform 
to the type of the accompanying uninucleated cells. 
Thus multinucleated normoblasts or megaloblasts may 
be found, or giant dysplastic types with some of the 
characters of megaloblasts, as in Limarzi and Levinson’s 
case. 


• Endcrmitosis is complete nuclear division viLhoui division of the 
cytoplasm. 
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Although, therefore, the exact cause of the aberrant 
nuclear divisions remains obscure, it is clear that these 
processes do not necessarily indicate a malignant 
(“ leukaemic ”) process. The position seems to be very 
similar to that for the occurrence of giant or multinu- 
cleated cells in other sites throughout the body. In the 
marrow they are most frequent during active erythro- 
poiesis, as they are in other tissues during rapid growth 
phases (for example, in the testis of the normal mouse — 
Howard, 1948). 

Abnormalities of mature erythrocytes . — An almost 
constant feature of anaemia is an increased variability 
in the size (anisocytosis) of the mature erythrocytes over 
and above the normal cell to cell variation. In addition, 
in most anaemias, corpuscles of abnormal shape and 
not strictly round in contour (poikilocytes) are found. 
The normal variation in cell diameters has been well 
worked out by Price-Jones (1933), who has shown that 
it conforms to a normal biological distribution, and 
similar variations in volume and thickness, etc., also 
probably exist. The cause of the exaggerated variation 
in anaemia is so far unsettled; anisocytosis and poikilo- 
cytosis are marked in dyshaemopoietic anaemias, parti' 
cularly in Addisonian pernicious anaemia in severe 
relapse, in Mediterranean anaemia, and in some examples 
of leukaemia and myelosclerosis, and to a lesser extent 
in iron deficiency anaemia. In haemolytic anaemias and 
other anaemias with active regeneration, poikilocytosis 
is much less obvious, and variation in size is partly 
due to the large size of the polychromatic corpuscles. 
Spherocytic microcytes* may also be present and may 
add to the range of cell diameters. Poikilocytosis may 
thus be taken to indicate disordered erythropoiesis, and 
this is probably also true of marked anisocytosis,. although 
in this case the production of macrocytes may be due to 
rapid rather than to abnormal formation. 

To authors such as Plum (1947) and Bostrom (1948), 
who believe that erythrocytes are produced by budding 
from the cytoplasm of erythroblasts, the problem of 
anisocytosis and poikilocytosis presents no difficulty. 
The budding process is held to be deranged so that buds 
of different sizes arc formed. Bostrom considers thar 
poikilocytes arc produced by cytoplasmic budding taking 
place through pathologically thickened walls of medullary 
sinusoids, and schematically illustrates this. However, as 
already mentioned, these unusual conceptions arc not 
easily acceptable. Nevertheless, it is possible that the 
small poikilocytes of pernicious anaemia are cytoplasmic 
fragments (schistocytes: see Rous, 1928), but whether 
they are formed in the marrow (Habelmann, 1940) or 
represent fragments broken off larger cells in the peri- 
pheral blood stream is uncertain. In general we feel 
that the solution of the problem of the formation of 
poikilocytes depends on an understanding of the forces 


• " Microspherocytosis ’* is a change which takes place aHer the 
erythrocytes have been delivered from the bone marrow. The 
marrow normoblasts arc not abnormal; neither, as a rule, are the 
reticulocytes. The same is true of elliptical corpuscles (see Lcitncr 
and others, 1 949k) and of sickle cells (Wintrobe, 1946f). The antithesis 
of spherocytosis target-cell formation seems, in Mediterranean 
anaemia at least, to depend upon an abnormality of formation. 


which convert the cytoplasm* surrounding the nucleus of 
the normoblast into the disc-like form of the reticulocyte. 
It is easy to imagine that when erythropoiesis is abnormal 
this process is deranged and that imperfect erythrocytes 
result. Anisocytosis is likely to be a reflection of varia- 
tions in the size of the normoblasts oT the same apparent 
age. That this variation exists is illustrated in the normo- 
blast diameter distribution curves (Text Fig. 5) and in 
Plate III, Figs. 1-3. Very large erythrocytes (giganto- 
cytes) are occasionally encountered. They arise from 
multinucleatcd erythroblasts produced by abnormal 
mitosis (Schwarz, 1946). 

Conclusions 

In this review we have attempted a survey of 
erythropoiesis in man. The subject has many 
ramifications and a vast literature. While men- 
tioning, therefore, some publications of historical 
interest, we have mostly referred to modern work. 
As our aim has been to present as wide a 
picture of erythropoiesis as possible, we have not 
confined ourselves to morphology and cytogenesis; 
we have included sections on the growth and 
differentiation of the erythropoietic tissue and a 
discussion of the cytochemical aspects of erythro- 
poiesis, for not only is the mature erythrocyte a 
perfect example of the differentiation of a cell for a 
highly specialized function, but the sequence of 
changes accompanying development affords good 
examples of the processes of tissue growth as a 
whole. 

The general pattern of erythropoiesis has been 
described in health and in disease. In health, a 
bone marrow biopsy gives a momentary but still 
picture of what is really a carefully regulated dyna- 
mic process, but even here much of the mechanism 
of normal erythropoiesis is ill-understood. In 
disease, the pattern of erythropoiesis may be greatly 
altered; accelerated, abortive, and aberrant forma- 
tion may all be seen, sometimes in combination. 
Here, too, the changes are dynamic. All grades of 
change may be seen between the most abnormal 
bone marrows and a marrow scarcely distinguish- 
able from the normal. 

Bone marrow biopsy provides an almost unique 
opportunity for the examination of living human 
tissue. It is an indispensable adjunct to the proper 
understanding of the diseases of the blood. 

We are indebted to our medical colleagues for freedom 
to investigate patients under their care, to Mr. E. V. 
Wilfmott, F.R.P.S., for the photomicrographs, to our 
laboratory and clerical staff for their assistance, and to 
other friends for helpful discussions. 


* Pronormoblasts and ripening normoblasts arc probably almost 
spherical cells. As the nucleus shrinks and the cytoplasm becomes 
more abundant relatively, the cell is roughly elliptical in vertical 
cross-section. 
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The concept of prothrombin as the specific 
precursor of thrombia dates from the so-called 
classical theory of blood coagulation put forward 
by Schmidt (1895) and Morawiiz (1905). This 
theory? which considers that four factors, thrombo- 
plastin, prothrombin, calcium, and fibrinogen, are 
concerned in the formation of fibrin, has been the 
basis of most modem work. The theory was of 
more academic than practical importance until the 
discovery of vitamin K and the use of dicoumarin 
in treatment of thrombosis, both of which required 
the quantitative estimation of prothrombin. The 
available methods are all based on the assumption 
that the classical theory is fundamentally sound. 

Of the methods of prothrombin estimation that 
have been developed, none can measure pro- 
thrombin directly and therefore infer its concen- 
tration from observations"' on thrombin. The 
one-stage technique of Quick (1942) has been the 
most commonly used because it is simple, easily 
performed, requires little in the way of special 
reagents, and gives results which are in general 
agreement with clinical experience. The method 
consists of adding an optimum amount of brain 
thromboplastin and calcium to oxalated plasma, 
under which conditions the clotting time of the 
mixture is assumed to be proportional to its pro- 
thrombin concentration. The basis of this supposed 
relationship is the literal acceptance of the classical 
theory. If three of the four variables are con- 
trolled, then variations in the fourth must deter- 
mine any alteration in the rate of fibrin production, 
which is in turn indicated by a change in the clot- 
ting time of the mixture. In practice thrombo- 
plastin and calcium are controlled, if possible at 
or near their optimum concentrations, and fibrin- 
ogen variations found in the ordinary clinical 
material arc usually not of sufficient magnitude 
to influence the result. The remaining variable is 
therefore prothrombin. 


The method is essentially dynamic in principle, 
depending entirely on the rate of thrombin genera- 
tion and not on the amount of thrombin that may 
finally be produced. It depends also on the assump- 
tion that there are no uncontrolled factors other 
than prothrombin that might modify this rate of 
thrombin generation. It is now known, of course, 
that this is not the case. Not only may the reaction 
time of fibrinogen vary, but accelerators and 
depressors of thrombin generation are present in 
normal plasma, and variation in these accelerators 
and depressors in pathological conditions may alter 
the results of this test. Quick (1942) himself has 
been the first to recognize this. The practical 
implications of the fallacious nature of this method 
are difficult to assess at present, but no alternative 
to it is available for routine use. Though theoreti- 
cally the two-stage method appears to be on much 
firmer ground, since it seeks to estimate the total 
amount of thrombin generated, it is too complex 
for ordinary routine use. There are, moreover, 
many indications that its results may be equally 
fallacious. 

In dicoumarin therapy one component of pro- 
thrombin (prothrombin B of Quick, 1947) is 
deliberately lowered, and the responsibility for a 
reduction to haemorrhagic levels rests largely with 
the pathologist. A reliable method of prothrombin 
determination is therefore essential. There has 
recently been much discussion as to which of the 
modifications of the one-stage technique give the 
best results (Marsh, 1947, 1948: James, 1948 ; 
Cleland, 1947 : Pivawar, 1947 ; Lemper t, 1948 : 
Canti and Robertson, 1948). 

Quick's Technique using Brain Thromboplastin 
in Dicoumarin Therapy 

Quick’s technique using brain thromboplastin 
has been used to follow the effects of dicoumarin 
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administration in numerous animal experiments 
and human cases (Bingham and others, 1941 ; 
Butsch and Stewart, 1942 ; Meyer and others, 

1942; Shapiro and others, 1943; Barker and 
others, 1945 ; Bingham and others, 1943 : 

Gefter and others, 1944 ; Barker and others, 

1943 ; Jaques and Dunlop, 1945a ; Quick, 1945 ; 
Cotlove and Vorzimer, 1946 ; Allen, 1947 ; 

Glueck and others, 1948 ; etc.). In dogs single 
doses of 5 mg. per kilo can be relied upon to cause 
a fall in prothrombin to 10 per cent in 24 to 48 
hours. In Allen’s (1947) series of 1,686 cases a 
dose of 300 mg. was given on the first day and 
200 mg. on the second (equivalent to 5 to 8 mg. 
per kilo) ; there was a fall in prothrombin within 
24 to 72 hours. Other authors recommend a 
similar dosage and their cases followed the same 
general course. In a series of a thousand cases 
Barker and others (1945) claimed that haemorrhage 
was uncommon when the level of prothrombin 
was above 10 per cent (indicated by a lengthening 
of coagulation time from 19 to 60 seconds). A 
similar “ danger level ” has also been recorded in 
vitamin K deficiency. There is, therefore, evidence 
that prothrombin estimation by this method is in 
general agreement with the clinical manifestations 
of hypoprothrombinaemia. 

Onc-stagc Technique using Russell’s Viper Venom 
as Thromboplastin 

Modifications of the technique in use in this 
country involve the replacement of brain thrombo- 
plastin with Russell’s viper venom (Fullerton, 
1940 ; Page and Russell, 1941 ; Page and others, 
1 941— 2a and b ; Page and de Beer, 1942-3 ; Page 
and de Beer, 1943 ; Shapiro, Sherwin, Redish, 
and Campbell, 1942) or Russell's viper venom and 
lecithin (Witts and Hobson, 1940 and 1942 ; 
Hobson and Witts, 1941). It has been recognized 
for many years that certain snake venoms are 
powerful coagulants, and Martin (1894) was one 
' of the first to investigate their action. Some, .such 
as the venom of Echis carinatus and Notech is 
scutatus, are thrombin-like in nature as they clot 
oxalated blood. Lamb (1903) observed that 
Russell’s viper venom was almost devoid of this 
thrombin-like effect, and the immensely powerful 
thromboplastin-like action of the venom was 
largely overlooked until Macfarlane and Barnett 
(1934) reinvestigated its possibilities, in their search 
for a local haemostatic effective in haemophilia. 
It was found that this venom was capable of 
accelerating the coagulation of haemophilic blood 
in dilutions as low as 1 in 10 l - or more, but was 
incapable of clotting oxalated or citratcd blood 


or fibrinogen solutions. It was thought, therefore, 
to act as a thromboplastin, a view in accofd with 
Mellanby’s (1909) conclusions as to reactions of 
other viper venoms. 

Following its use as a local haemostatic, Russell’s 
viper venom was made available as a commercial 
product under a number of trade names. It was 
obtainable as a dry, sterile, and very stable prepara- 
tion of tested potency in sealed ampoules. Such 
preparations have obvious advantages over the 
more usual brain thromboplastin employed in 
Quick’s original technique, as this is often difficult 
to obtain, not very stable, and of widely varying 
potency. These advantages were recognized by 
Fullerton (1940), who suggested the use of venom 
as substitute for brain thromboplastin. The use 
of Russell’s viper venom as a substitute for brain 
is only justified, however, if it is shown to behave 
in all significant respects like the natural thrombo- 
plastin. Several observations have suggested that 
this is not the case. Trevan and Macfarlane (1936) 
found that the action of the venom was greatly 
potentiated by tissue extracts and by use of lecithin. 
Macfarlane (1938) observed that plasma deprived 
of platelets by high-speed centrifuging was only 
- slowly clotted by venom, while Macfarlane and 
others (1941) showed that the removal of lipoid 
from the plasma inhibited its coagulation by 
venom, but this could be restored by the 
addition of various lipoid substances includ- 
ing lecithin. It appeared, therefore, that some 
lipoid co-factor was essential to the action of the 
venom, and it \vas ^thought with Leathes and 
Mellanby (1939) that natural thromboplastin might 
consist of an enzyme and lipoid cd-factor 
analogous to Russell’s viper venom and lecithin. 
Theoretically, therefore, the venom corresponds 
only to a part of the complete thromboplastin. 
In 1940 Witts and Hobson suggested the use of 
venom and lecithin mixture as a thromboplastin 
for the one-stage method as being more nearly 
related to brain and providing a more rapid con- 
version of prothrombin. Such a mixture shortens 
the prothrombin time to 6 or 7 seconds. 

There are thus obvious differences in action 
between \enom and natural thromboplastin, and 
even the supposition that the venom corresponds to 
a part of such a thromboplastin is unproved. It 
is therefore surprising that its use as a substitute 
for brain with or without the addition of lecithin' 
has become widespread, particularly in England, 
without an adequate series of determinations in 
parallel with brain. Fullerton (1940) compared 
Russell’s viper venom and brain in 43 cases, but 
gives no figures in his paper. Page and Russell 
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(1941) made a similar study in 71 cases, but few 
had any gross prothrombin deficiency and the 
coagulation times as presented cannot be assessed 
in relative percentage of prothrombin. Witts and 
Hobson (1940) tested the venom and lecithin 
method in 40 cases, but only two of these had 
prolonged prothrombin times, and Page and others 
(1941— 2b) noted that the method failed to record 
minor degrees of prothrombin deficiency, evident 
when the*venom alone was used. 

With the advent of dicoumarin therapy it 
became more obvious that venom and lecithin 
did not give results comparable to those obtained 
with brain. Witts (1942) estimated the pro- 
thrombin time in a dog following a large dose 
of dicoumarin and found that both with venom 
alone and with venom and lecithin the apparent 
decrease in prothrombin was less than was the 
case if brain was used for the estimations, an 
observation supported by de Beer (1947) for venom 
alone. Wright and Prandoni (1942), using venom 
for prothrombin determinations, found it necessary 
to give much larger doses of dicoumarin to achieve 
a reduction in prothrombin than were advised by 
other workers using brain for prothrombin estima- 
tion. In one case as much as 8,000 mg. were given. 
Moreover, the apparent fall in prothrombin was 
delayed from eight to ten days and eight serious 
haemorrhages occurred in the first 20 cases treated. 
Shapiro, Sherwin, and Gordimer (1942), and 
Shapiro and Sherwin (1943) made a similar study, 
but in only two cases were the actual prothrombin 
times recorded. In one of these, 70CL mg. "were 
given in the first two days and there was a fall 
in prothrombin to 30 per cent (as estimated from 
our dilution curves) on the fifth day. In the second 
there was a fall to 15 par cent following 100 mg. 
of dicoumarin for six days. 

The scanty evidence from the literature there- 
fore suggests that modifications of Quick's tech- 
nique using Russell's viper venom with or without 
lecithin may give a less sensitive estimation of 
prothrombin deficiency. This evidence is sup- 
ported by the two cases under treatment with 
dicoumarin recorded by Lempert (194SV. In the 
first of these Quick's technique gave 10 per cent 
prothrombin, where by Fullerton's technique the 
level was 35 per cent. In the second case, Fuller- 
ton's technique showed 25 per cent prothrombin 
and Quick's technique 10 per cent. A series of 
cases recently treated in this hospital supports the 
findings of Lcmpcrt, and suggests that Witts and 
Hobson's technique may give a dangerous 
impression of security in following the course of 
dicoumarin therapy. 


Technique 

( a ) Quick’s Method 

1 # Collection of blood.— Venous blood is collected 
in a dry syringe- and added to 2 per cent potassium 
oxalate solution in the proportion of nine parts of 
blood to one part of oxalate. The mixture is inverted 
several times and the plasma removed after centri- 
fuging at 1,500 r.p.m. for 15 minutes. The plasma 
should be kept in the refrigerator and used within 
6 hours of collection because the coagulation time of 
pathological plasmas may alter rapidly on storage. 

2. Preparation of thromboplastin.— Fresh human 
brain is collected from the post-mortem room, all 
superficial vessels and meninges are removed, and the 
substance is macerated with acetone in a mortar. The 
acetone is replaced several times and the granular 
powder dried on a suction filter. When completely 
free from acetone the powder is kept in bottles at 
room temperature. This material can be stored for 
three months without deterioration. 

3. Preparation of thromboplastin for use. — 0.5 g. of 
the dried powder are suspended in 5 ml. of 0.85 per 
cent saline and the mixture is incubated at 37° C, for 
15 minutes. The suspension is centrifuged for 5 
minutes at 1,500 r.p.m. and the supernatant emulsion 
is diluted I in 10 with 0.85 per cent saline. The solu- 
tion should be made up freshly as required, and this 
concentration was usually found to be the optimum 
for levels of prothrombin between 5 and 100 per cent 
(see below). 

4. Calcium chloride solution. — 2.875 g. of anhydrous 
calcium chloride are dissolved in 1,000 ml. of distilled 
water to make a 0:025 molar solution. 

5. Performance of the test. — 0.1 ml. of undiluted 
normal plasma is added to 0.1 ml. of brain emulsion 
and the mixture is warmed to 37° C. in a water bath. 
0.1 ml. of 0.025 M calcium chloride is then added 
rapidly from a graduated Pasteur pipette and the 
coagulation time is recorded from the time of addi- 
tion of the calcium. The test should be made in 
triplicate and the mean of three readings recorded. 
The same procedure is repeated with the abnormal 
plasma. If the normal p’asma gives a clotting time 
of more than 30 seconds the technique is unsatis- 
factory. 

6. The optimum concentration of brain thrombo- 
plastin and calcium 

(a) Brain thromboplastin . — Aggelcr and Lucia 
(1938) have shown that prolongation of the coagu- 
lation time occurred with both high and low 
concentrations of brain emulsion. With normal 
undiluted plasma the range within which a mini- 
mum coagulation time occurred was wide,*’ but 
with pathological or diluted plasmas the optimum 
range was limited. Similar results were obtained 
in this laboratory'. The optimum concentration 
usually corresponded to the dilution mentioned 
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above, but different batches of brain vary slightly. 
The optimum concentration may be determined as 
follows : 0.5 g. of dried brain are .suspended in 
5 ml. of saline and the supernatant emulsion 
removed as described above. This concentration 
is called 100 per cent, and from this a number 
of dilutions are made. Plasma containing various 
amounts of prothrombin is then prepared by dilu- 
tion with saline or prothrombin-free plasma. In 
one experiment the curves shown in Fig. 1 were 
obtained. 

{b) Calcium — Jaques and Dunlop (1945b) have 
shown that the use of an optimum concentration 
of calcium is important. As with brain thrombo- 
plastin the optimum concentration is much more 
limited with low levels of prothrombin. It was 
found to be 0.1 ml. of a 0.025 M solution as used 
in Quick’s test. 

7. The expression of results. — If the clotting 
time of plasma is related to its prothrombin con- 
centration the clotting time of an abnormal plasma 
must be compared to that of a normal before any 
inference can be drawn as to its relative pro- 
thrombin content. Many authors have made this 
comparison by dividing the clotting time of the 
normal plasma by that of the abnormal and expres- 
sing the result as a percentage. The “ prothrombin 


index ” thus obtained is based on the assumption 
that the concentration • of prothrombin bears a 
linear relation to the clotting time, whereas in fact 
the two variables are related by a hyperbolic curve. 
The percentage of prothrombin must therefore be 
read from a calibration curve made 'by testing 
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Fig. 1. — Graphs to show alteration in clotting time observed when Quick's 
test is used with different concentrations of brain thromboplastin and 
plasma containing varying amounts of prothrombin. The prothrombin 
concentration was reduced by dilution with prothrombin-free plasma 
obtained by Seitz filtration. 
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Fig. 2. — Graphs-showing the alter- 
ation in the shape of the 
prothrombin dilution curve 
with different diluents using 
brain thromboplastin. Pro- 
thrombin-free plasma 1 was 
prepared from blood collected 
in a silicone coated container. 
The plasma was obtained after 
centrifuging for 30 minutes at 
20,000 r.p.rn., and the pro- 
thrombin was removed by 
adsorption with an excess of 
Freshly precipitated barium 
sulphate. Prothrombin-frcc 
plasma 2 was prepared from 
blood collected in an ordinary 
glass container. The plasma 
was obtained after centrifuging 
for 5 minutes at 1,500 r.p.rn.,' 
and the prothrombin was 
removed by adsorption with 
the minimum amount o 
freshly precipitated barium 
sulphate. 


PROTHROMBIN IN D1COUMARIN THERAPY 


37 


samples of normal plasma in which the pro- 
thrombin concentration has been reduced artifici- 
ally. The determination of prothrombin by this 
technique would "be relatively simple if a single 
reference curve could be drawn and the same 
curve were used by all workers. Unfortunately 
this is not possible because it is customary to 
reduce the prothrombin content by simple dilu- 
tion. This procedure certainly effects a quantita- 
tive reduction in prothrombin but unfortunately 
also reduces substances other than prothrombin 
which may be active in prothrombin conversion. 
Thus, if saline is used platelets and fibrinogen are 
lowered, and if prothrombin-free plasma is used 
platelets and possibly accessory factors concerned 
in prothrombin conversion are reduced. As . 
Conley and Morse (1948) have shown, the refer- 
ence curves vary in shape according to the diluent 
used, and one clotting time may be taken to repre- 
sent a number of different concentrations of pro- 
thrombin according to which curve is selected as a 
standard (Fig. 2). 

A further complication is introduced by the fact 
that different batches of brain thromboplastin give 
different coagulation times with the same normal 
undiluted plasma ; thus using any one diluent it 
is necessary to prepare a number of curves at 
different levels of thromboplastin activity. 

Since all of the diluents produce artificial 
mixtures not comparable to naturally occurring 
prothrombin-deficient plasmas, a selection between 
them is arbitrary. In prac- 
tice we have chosen to use 
saline because it gives readily 0 to ' * 
reproducible results in normal 
plasma and because of the 
simplicity of the processes in- 
volved. For standard refer- 
ence curves a series of saline 
dilution curves were made 
from normal plasma using 
different batches of brain 
thromboplastin which gave 
coagulation times from 14 
to 25 seconds with undiluted 
plasma (Fig. 3). 

It was found convenient to 
use a simple mathematical 
conversion to straight lines in 
place of the curves because 
with these it is easy to inter- 
polate for intermediate values. 

This conversion is achieved 
by plotting the clotting 
time against the reciprocal 
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Fig. 3. — Prothrombin dilution curves obtained by testing 
the prothrombin time of saline dilutions of normal 
plasma using different batches of brain thrombo- 
plastin of varying potency. 

of the concentration of prothrombin (Fig. 4). 

Example . — Coagulation time of normal plasma : 
18 seconds. Coagulation time of abnormal plasma: 
42 seconds. Curve C in Fig. 4 is selected because 
the undiluted plasma (100 per cent) gives coagulation 
time of 18 seconds. Drawing a line parallel to the 
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ordinate through 42 seconds it will be seen that this Concentration of 
crosses the selected curve at a level of prothrombin Prothrombin % 


equivalent to a dilution of 10 per cent in the normal 
plasma ; the plasma would therefore be said to con- 
tain 10 per cent of prothrombin. 

This method of standardization is clearly quite 
arbitrary, and while the results with any one set of 
calibration curves will be comparable, the results from 
different hospitals can be related only if the reference 
curves are given. In much of the published work this 
has not been done. 

( b ) Witts and Hobson’s Technique 

The technique is essentially similar to that of Quick 
except that brain thromboplastin is replaced by a 1 in 
10,000 solution of Russell’s viper venom (Burroughs 
Wellcome’s “ Stypven ”) to 1 ml., of which 0.1 ml. 
of a 1 per cent alcoholic solution of crude lecithin is 
added. The saline dilution curves in normal plasmas 
arc remarkably constant, and in most cases one curve 
will suffice for the expression of results as percentage 
of prothrombin. However, as with brain thrombo- 
plastin, different diluents give different curves (Fig. 5). 

Case Reports 

A. Cases in which the Percentage of Prothrombin 
was Estimated by Witts and Hobson’s 
Technique 

Case 1. — Mr. W.W., aged 53, was treated with 
dicoumarin for thrombophlebitis of the leg. 1,100 mg. 
of dicoumarin were given in the first eight days and 
no significant fall in prothrombin was recorded until 
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Fig. 5. — Graphs to show the alteration in the shape of 
the prothrombin .dilution curves with different 
diluents using Russell's viper venom and lecithin as 
thromboplastin. Prothrombin-free plasmas 1 and 2 
are the same as those of Fig. 2. 
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Fig. 6. — Diagram to show the alteration in concentration 
of prothrombin, as estimated with Russell’s viper 
venom, in relation to the dosage of dicoumarin in 
Case 1. 

the ninth day, when there was a fall to 25 per cent 
and a low level was maintained for four days (Fig. 6), 

Case 2. — Mrs. C. D., aged 44, was treated with 
dicoumarin for thrombophlebitis of the leg with 
pulmonary embolus following a hysterectomy for 
fibroid. 1,100 mg. of dicoumarin were given in the 
first eleven days and a significant fall of prothrombin 
was delayed until the tenth day, when readings of 14, 
30, and 15 per cent were recorded on three consecutive 
days (Fig. 7). 

Case 3. — Mrs. E. C, aged 53, was given dicoumarin 
following operation for prolapse to prevent the occur- 
rence of femoral thrombosis. She was given 700 mg. 
dicoumarin in the first four days, and on the fifth day 
had severe haemorrhage froni the operation site which 
necessitated transfusion of 2 pints of blood. The 
surgeons could find no local cause for this bleeding. 
Her prothrombin time remained within normal limits 
throughout. 

These cases followed a course similar to that 
described by Wright and Prandoni (1942), who 
used Russell’s viper venom for prothrombin esti- 
mation. Large doses of dicoumarin were necessary 
to prolong the prothrombin time, the fall of pro- 
thrombin was delayed, and unpredictable haemor- 
rhage occurred. 
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Fig. 7. — Diagram to show the alteration in concentration 
of prothrombin, as estimated with Russell’s viper 
venom, in relation to the dosage of dicoumarin in 
Case 2. 

B. Cases in which the Prothrombin was Estimated 
by both Wrrrs and Hobson’s and Quick’s 
Techniques 

Case 4, — Mr. E. W., aged 59, suffered from cardiac 
asthma and was treated with dicoumarin for thrombo- 
phlebitis of the leg. This patient was admitted to 
hospital twice for recurrence of this condition. On 
the first admission his prothrombin time was esti- 
mated by Witts and Hobson’s technique. In nineteen 
days he was given 2,000 mg. of dicoumarin, and on 
one occasion only was there any appreciable lengthen- 
ing of the prothrombin time. On the second admis- 
sion three months later he was given 600 mg. of 
dicoumarin in the first three days and showed 
lengthening of prothrombin time by Quick’s tech- 
nique on the third day. The clotting time was con- 
siderably prolonged for four days and gradually 
returned to normal in the course of the next four 
days. 

Case 5. — Mrs. H, F., aged 39, was treated with 
dicoumarin for puerperal thrombophlebitis of the 
leg. In this patient 900 me. dicoumarin were given 
in twelve days, and on some days Witts and Hobson’s 
technique was used and on others Quick s technique. 
There was a marked lack of correspondence between 
the results of the two methods (Fig. 8). 


These cases suggest that Witts and Hobson s 
technique is far - less sensitive than that of 
Quick in recording the hyp opr o thro mbinaemia of 
dicoumarin therapy. In order to substantiate this 
probability the course of the prothrombin was 
followed by both techniques simultaneously in 
the next three cases. 

Case <5. — Mr. H., aged 71, was treated with dicou- 
marin for thrombophlebitis following a cystotomy for 
benign prostatic hypertrophy. He was given 500 tng. 
of dicoumarin in the first two days. By Quick’s tech- 
nique the prothrombin dropped suddenly to 9 per 
cent on the third day and fell to 5 per cent on the 
fifth day, w’hen there w’as a slight urinary haemor- 
rhage. He was given vitamin K, the haemorrhage 
ceased rapidly, and the prothrombin returned to 
normal in four days. By Witts and Hobson’s tech- 
nique the prothrombin w r as significantly abnormal on 
two days only, and at the time of haemorrhage a 
level of 35 per cent w T as recorded (Fig. 9). 

Case 7. — Mrs. F., age'd 73. was treated with dicou- 
marin for thrombophlebitis of the leg following 
operation of the left obturator nerve. She was given 
800 mg. during the first thirteen days, and the rela- 
tive sensitivity of Witts and Hobson’s and Quick’s 
techniques is shown in Fig. 10. 
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Fig. S. — Diagram to show’ the alteration in concentration 
of prothrombin, as estimated with brain thrombo- 
plastin and Russell's viper venom and lecithin, in 
relation to the dosage of dicoumarin in Case 5. 
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Case 8 . — Mr. D.„ aged 45, was given dicoumarin 
for treatment of pulmonary thrombosis following 
appendicectomy. 500 mg. were given in the first 
three days, and the patient showed an unusually 
marked response to the drug when the prothrombin 
was estimated with a brain thromboplastin (Fig. 1 1). 
With Russell’s viper venom and lecithin the response 
was delayed and was less in extent. 

The Cause of the Discrepancy between the Pro- 
thrombin Percentages Recorded with Russell’s 
Viper Venom and Lecithin and Brain 
Thromboplastin 

Using a two-stage technique the percentage 
of prothrombin estimated by the two types of 
thromboplastin is approximately the same (Table 
f ). The discrepancy cannot therefore be accounted 
for by differences in the amount of thrombin 
formed. The clotting times measured by the one- 
stage technique are converted to so-called “ per- 
centage of prothrombin ” by means of artificial 
dilution curves. Since the clotting times recorded 
by the same pathological plasma give different 
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percentages of prothrombin with the two types 
of thromboplastin, it is difficult to avoid the con- 
elusion that the dilution curves are at fault. It 
has already been noted that all the diluents used 
reduce factors other than prothrombin, and it 
seems possible that one or more of these factors 
may have a greater effect on the speed of pro- 
thrombin conversion with Russell’s viper venom 
and lecithin than with brain thromboplastin. 



Time in days 

Fig. il. — Diagram to show the alteration in concentra- 
tion of prothrombin, as estimated with brain 
thromboplastin and Russell's viper venom and 
lecithin, in relation -to the dosage of dicoumarin in 
Case S. 

This hypothesis can be tested if normal plasma 
is diluted with naturally occurring prothrombin- 
deficient plasma in which it is assumed that only 
prothrombin is reduced. Curves constructed from 
the coagulation times of various mixtures of 
normal plasma with prothrombin-deficient plasmas 
are shown in Figs. 12 and 13. Fig. 12 was derived 
from a vitamin-K deficient plasma which showed 
only a trace of prothrombin, and in Fig. 13 a 
dicoumarin plasma was used which was found to 
contain IS per cent of prothrombin by Quick's 
" technique. 

It will be seen that when Russell's viper venom 
and lecithin is used mixtures of normal plasma 
x with naturally occurring prothrombin-deficient 
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Fig. 12.— Curves to show the difference between the 
prothrombin dilution curves obtained by the dilution 
of normal with (a) vitamin-K deficient plasma, ( b ) 
prothrombin-free plasma, using brain and Russell's 
viper venom and lecithin as thromboplastins. The 
prothrombin-free plasma was made by adsorption 
with barium sulphate. 
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Fig. 13. — Curves to show' the difference between the 
prothrombin dilution curves obtained by dilution of 
nonnal plasma with (V?) dicoumarin plasma, and (6) 
saline, using brain and Russell's viper venom as 
thromboplastins. 
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In fact, this thromboplastin appears to. measure 
a reduction in platelets as much as the fall in 
prothrombin concentration. 

The extraordinary lack of sensitivity of Russell’s 
viper*' venom and lecithin thromboplastin to 
changes in prothrombin concentration probably 
lies in the mechanism of thrombin generation. 
From the reaction of normal plasma to thrombin 
it can be calculated that only 5 per cent of the 
available thrombin that could be formed by a 
normal plasma is necessary for its coagulation, 
and it is the speed with which this level of thrombin 
is reached that controls the one-stage coagulation 
time. In Fig. 15 the early stages of thrombin 
generation have been followed in a normal plasma 
and in the plasma of a patient under treatment 
with dicoumarin. The minimum level of thrombin 
for rapid coagulation of the plasma has been 
indicated. With brain thromboplastin thrombin 
formation follows an autocatalytic type of curve, 
and alteration in prothrombin concentration 
greatly increases the time necessary for the genera- 
tion of a minimum amount of thrombin. With 
Russell’s viper venom and lecithin, on the other ' 


plasma give much shorter 
coagulation times than are 
recorded by corresponding 
mixtures with saline or arti- 
ficial prothrombin-free plasma. 
Moreover, the alteration in 
clotting time between 100 and 
10 per cent becomes im- 
measurably small, giving a 
total range of clotting times 
from 7 to 11 seconds. With 
brain thromboplastin the dis- 
crepancy is much less marked. 

The next problem that 
arises is which of the plasma 
constituents other than pro- 
thrombin is responsible for 
the discrepancy. One factor 
which is easily tested is the 
presence of platelets. It will 
be seen from Fig. 14 that when 
Russell's viper venom and 
lecithin thromboplastin is 
used the addition of platelets 
to mixtures of normal and 
prothrombin-free plasma 
causes a reduction in the 
coagulation time which 
is particularly marked at 
low levels of prothrombin. 


UNITS OF THROMBIN 
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Fig. 15. — Curves to show the early stage of thrombin generation in 
normal and dicoumarin plasma using a two-stage technique with 
(a) brain thromboplastin, and ( b ) Russell's viper venom and lecithin. 
The probable minimum level of thrombin for coagulation of the 
plasma in less than 10 seconds is indicated. The thrombin units are 
calculated to correspond with 1 ml. of the original plasma. 
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14. — Curves to show the difference between the 
prothrombin dilution of normal plasma with (a) 
prothrombin-free plasma, ( b ) prothrombin-free 
plasma with the addition of platelets to correspond 
with original concentration in the plasma, using 
brain and Russell's viper venom and lecithin as 
thromboplastins. The prothrombin-free plasma was 
obtained by adsorption with barium sulphate. 
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hand, an immediate liberation of thrombin occurs 
and the minimum level of thrombin is attained 
rapidly even at low prothrombin xoncentrations. 
Reduction in prothrombin content therefore makes 
little difference to the one-stage prothrombin time. 
Moreover, with Russell’s viper venom and lecithin 
the generation of thrombin is so rapid that the 
sensitivity of the one-stage technique is almost 
certainly limited by the speed of the thrombin 
fibrinogen reaction. 

If the discrepancy between Russell’s viper venom 
and lecithin and brain thromboplastin results from 
a differential sensitivity to factors other than pro- 
thrombin, a similar difference should occur in <alL 
types of hypoprothrombinaemia. In a limited 
series of pathological cases such a discrepancy was 
found (Table II). 

TABLE II 

PERCENTAGE OF PROTHROMBIN ESTIMATED WITH 
BRAIN THROMBOPLASTIN AND RUSSELL’S VIPER 
VENOM AND LECITHIN IN VARIOUS PATHOLOGICAL 
CONDITIONS 



Prothrombin concentration 

Condition 

Using brain 
thrombo- 
plastin 
(%) 

Using Russell’s 
viper venom 
and lecithin 
(%) 

Cirrhosis of the liver 

35 

30 


14 

50 

*9 j 

35 

80 

„ 

50 

100 


11 

35 

% >» 

20 

80 

Vitamin K deficiency 

25 

100 

,, 

Clotting time 

Clotting time 


20 min. 

56 sec. 

Ulcerative colitis 

25 

35 

Treatment with quini- 
- dine sulphate _ 

30 

50 


Discussion 

Much of the confusion aroused by the estimation 
of prothrombin follow’s from an unwarranted 
belief that the one- stage test can give a real 
measure of prothrombin concentration provided 
that sufficient care is taken in standardization of 
the technique. From the experiments described 
here it is clear that this is not possible. Not only 
do the two thromboplastins, each carefully stand- 
ardized, give different results, but each thrombo- 
plastin can be made to give a series of differing 
results according to which of the diluents is used 
to prepare the calibration curves. The technique 
cannot therefore measure prothrombin, but gives 


a relative measure of the speed of production of 
the small amount of thrombin necessary for 
coagulation. It might save confusion if all pre- 
tence at measuring “prothrombin percentage” 
were abandoned and the results were expressed 
as “relative prothrombin efficiency” or, as was 
suggested by Witts (1942) and Witts and Hobson 
(1942), an “accelerated clotting time” in percent- 
age of normal. 

The value of the test depends essentially on its 
ability to predict a haemorrhagic level. B oilman 
and Preston (1942) have shown that haemorrhage 
following dicoumarin administration is not directly 
proportional to the “concentration of prothrom- 
bin.” In the patients described here it .is clear 
that Cases 3 and 6 had a particular predisposition 
to the haemorrhage. Fortunately haemorrhage 
often fails to occur with a very low content of 
prothrombin, and Barker and others (1945) have 
claimed that haemorrhage was uncommon with 
prothrombin levels above 10 per cent by Quick’s 
technique. In Case 6 the “ prothrombin concen- 
tration " vras 5 per cent at^the time of bleeding, 
and haemorrhage rapidly ceased when it tvas raised 
above 10 per cent. With Quick’s technique, there- 
fore, it is probable that if the “ concentration of 
prothrombin ” is maintained above 10 per cent no 
uncontrollable haemorrhage will occur. The value 
of this test rests on the vast clinical material in 
which it has been used rather than on the sound- 
ness of its theoretical foundations. 

With Russell’s viper venom and lecithin, on the 
other hand, no certain haemorrhagic level can be 
defined because a sufficient number of cases have 
not been recorded for any such conclusion to be 
reached. Moreover, the technique is dangerously 
insensitive to alterations in prothrombin concen- 
tration, and in a routine laboratory it is impossible 
to measure the one or two seconds differences in 
coagulation time that may bring the patient within 
the haemorrhagic level. 

It is surprising that in an annotation in the 
British Medical Journal (1947) doses of 100 to 300 
mg. of dicoumarin daily are recommended, and 
in a further annotation (1948) mention is made of 
the daily administration of 200 mg. These amounts 
are dangerously high and would certainly cause 
haemorrhage in patients such as Cases 3 and 6 with 
a predisposition to bleeding. 

Summary 

1. Russell’s viper venom with lecithin is fre- 
quently used to replace brain thromboplastin for 
the estimation of prothrombin in the one-stage 
technique. 
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2. The assumption that Russell’s viper venom 
and lecithin • will give the same results as brain 
thromboplastin is not justified, by theoretical con- 
siderations or by experience of its use in practice. 

3. One pathological plasma will record a differ- 
ent percentage of prothrombin when tested with 
brain and Russell’s viper venom thromboplastins 
even when the results are read from appropriate 
calibration curves. 

4. The calibration curves are drawn from arti- 
ficial plasma mixtures which are not comparable 
to naturally occurring prothrombin-deficient 
plasmas. The two thromboplastins have a different 
sensitivity to the reduction of factors other than 
prothrombin which are lowered in the artificial 
mixtures. 

5. The one-stage technique using brain thrombo- 
plastin is of proved value but cannot measure 
prothrombin concentration, and its results would 
be better recorded as “ relative prothrombin 
efficiency ” or as an “ accelerated clotting time ” 
expressed as a percentage of normal. 

6. Russell’s viper venom and lecithin cannot be 
used to replace brain thromboplastin as a routine 
procedure because it is not sufficiently sensitive to 
alterations in prothrombin concentration. 

We should like to thank Mr. J. Pilling, B.Sc., who 
carried out much of the laboratory work. 
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In the course of controlling dicoumarol therapy 
given (a) as a postoperative routine to prevent 
thrombosis (fifty-five cases) and ( b ) therapeutically 
in cases of established venous thrombosis (nine 
cases), certain peculiarities have been observed in 
the behaviour of the prothrombin time, particularly 
in relation to dicoumarol haemorrhage. Two 
sources of thromboplastin have been used, Russell 
viper venom and human brain. Data are presented 
which suggest that the brain extract is to be pre- 
ferred to venom, for estimations of prothrombin 
levels are then more in accord with clinical 
observation. 

Technical Methods 

With Russell viper venom. — This method is essen- 
tially that of Fullerton's (1940) modification of 
Quick’s one-stage method, with the slight additional 
modifications noted below: 

2 ml. of venous blood was placed in a tube con- 
taining 1.6 mg. of potassium oxalate and 2.4 mg. 
ammonium oxalate, shaken well, and centrifuged at 
1,500 r.p.m. for 5 minutes, and the plasma is used in 
the test. Fullerton used liquid sodium oxalate, but 
providing that the quantity of blood put in the tube 
with the solid oxalate is not less than 1.5 ml. and not 
more than 2.5 ml. the results are the same. 

The lest . — 0.1 ml. of oxalated plasma and 0.1 ml. 
of 1/10,000 *' Stypven ” solution were placed in a 
tube in a 37° C. water bath and left for 6 minutes 
(see below). 0,1 ml. of M/40 calcium ch’oride at 
37° C. was added quickly, and the time taken until 
the appearance of fibrin particles was noted. All 
estimations were performed in triplicate. 

The tubes containing oxalated plasma and Stypven 
solution were left for 6 minutes at 37° C. because it 
was found that up to 4 or 5 minutes at 37° C. the 
prothrombin time increased fairly rapidly, and repro- 
ducible resu!ts could not be obtained, while between 
5 and 9 minutes little change occurred, and conse- 
quently results were more reliable. This change is 
probably due to two factors: (i) destruction of Quick s 
labile factor, and (ii) the proteolytic activity of the 
Stypven (Hobson and Witts, 1941). 

With human brain extract. — The method is exactly 
the same as that described by Acgeler and others 
(1946). Points to be watched are: (a) the brain extract 


must be very finely ground, as, if the particles are too 
large, they sett'e in the saline too rapidly, leaving too 
clear a supernatant fluid, which is almost devoid of 
thrombokinase activity — it appears that this activity 
resides in the particles themselves ; (b) over-incubation 
of the brain extract in saline before use must be 
avoided — 12 minutes at 50" C. is ample ; activity falls 
rapidly after 15 minutes at this temperature. 

The prothrombin content of the plasma was read 
off on a graph of prothrombin time in seconds against 
percentage plasma concentration fin saline diluent). 

The graphs used were prepared from the first 
patients in the series, twenty cases for the venom 
method, ten cases for Quick’s. As the curves were 
all the same shape for the different patients, though 
shifted up or down the ordinate according to the 
individual variation, it was found possible, instead of 
preparing a fresh curve for each patient, to use one 
curve for the venom method and one for Quick’s 
method, using parallel curves to allow for the 
variation. 

General management of experiment — Each case 
was tested before and after operation as a routine ; 
dicoumarol was started on the fourth postoperative 
day (300 mg. on the first evening, 200 mg. on the^ 
next) ; and in the morning after the two doses, counted 
as "day 2,” the prothrombin time was estimated, and- 
thereafter every other day until treatment was finished 
and the patient was ambulant. Further tests were 
carried out two or more days after cessation of therapy 
to see how quickly the prothrombin levels returned to 
normal. Patients requiring emergency operation or 
cases of established phlebothrombosis were tes f ed 
before treatment and thereafter in the same manner 
as above. 

Results 

Patients before operation. — It was observed that 
the prothrombin time of 55 patients before 
gynaecological operation varied between 10 and 
21 seconds with the venom method. This vari- 
ation is somewhat greater than has been found 
in previous investigations on normal subjects. For 
instance, Fullerton (1940) found a variation of 18 
to 25 seconds, while Witts and Hobson (1942), 
using venom and lecithin, found one of S to 12 
seconds. Aggeler and others (1946), in a full 
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statistical study of 30 normal subjects, using 
Quick’s technique but with human brain extract, 
found a variation of only 10 to 13 seconds, whereas 
Nygaard (19,41), also using Quick’s technique but 
with rabbit brain extract, found a variation of 11 
to 19 seconds. 

Three subjects of the present series tested three 
or more times over a period of three to six months 
have remained constant to within 3 seconds of their 
original times, and Witts and Hobson suggested in 
their paper (1942) that the variations found in 
different individuals tested by the same method 
represented a true variation in the coagulability of 
normal plasmas. 

Patients under dicomnarol therapy 

Using Russell viper venom. — Under dicou- 
marol therapy the prothrombin levels fell more or 


less as expected, but it was soon found that patients 
were bleeding at levels higher than those usually 
regarded as dangerous. Quick has stated that the 
prothrombin level falls to below 10 per cent before 
haemorrhage occurs, whereas in the first scries of 
thirty cases controlled only by the venom method 
seven patients bled when their prothrombin levels 
were much higher than this — 24 to 45 per cent. 

Two patients developed severe vaginal haemor- 
rhages and required transfusion. However, both 
had amputations of the cervix, after which it is 
almost impossible to obtain adequate, covering of 
the raw area. On the other hand, several patients 
subjected to this operation have been treated with- 
out resulting haemorrhage. Four patients bled 
from sites not involved in the operation. 

It was noted that in half the cases the prothrom- 
bin levels continued to fall for 2 to 3 days even 
though the haemorrhage had 



Fig. 1. — Graph showing response to dicoumarol of the prothrombin level as 
estimated by Fullerton’s and by Quick’s methods. Made from figures 
obtained from ten patients who had sufficient estimations and courses of 
dicoumarol of similar duration. AH other cases showed exactly similar 
responses, but owing to clinical exigency such as variations in duration of 
treatment, etc., they could not be included in the construction of the graph. 
The differences between the readings on the graph arc statistically significant 
at the point of inflexion of the curves, that is, after two days on dicoumarol 
and for three days after stopping the drug, when the curves approach each 
other. 


ceased. 

Using Quick’s method 

PARALLEL WITH THE VENOM 

method. — In an endeavour 
to find a more reliable 
method, Quick’s technique 
was tried in conjunction with 
the venom method on the 
blood of the- next patient 
who bled, and, as pointed 
out by Lempert (1948), the 
prothrombin level was found 
to be much lower as esti- 
mated by Quick’s method 
than by the venom 
method. 

In view of this, it was 
decided to do the two tests 
in parallel on the next twenty 
cases. This has been done, 
and the results in ten patients 
are summarized in Fig. 1. 
The ten cases not recorded 
on this graph had had longer 
courses of dicoumarol or 
had tests at less regular 
intervals, but they all showed 
similar features. 

The behaviour of the pro- 
thrombin level . — In every 
case, on and after the second 
day of dicoumarol adminis- 
tration the prothrombin level 
fell much more rapidly 
as estimated by Quick’s 
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method than by the venom method, and in every 
case the prothrombin level returned towards nor- 
mal far more rapidly (with due allowance for the 
lower level to which it had fallen) when estimated 
by Quick’s method (Fig* 1). 

Haemorrhages . — Three cases in this series Bad 
haemorrhages, all slight 

The prothrombin level of Case 33 had fallen by the 
seventh day to 8 per cent (Quick’s) or 24 per cent 
(venom), and dicoumarol - was accordingly stopped. 
She was well until the evening of the ninth day, when 
she complained of some pain in the loins, and next 
morning slight haematuria was noticed. This lasted 
only one'day, and the next day her prothrombin level 
had risen by Quick’s method to 20 per cent, while by 
the venom method it had shown no improvement, 
being 23 per cent, although the bleeding had ceased. 

Case 41 had a sudden haemorrhage of 4 oz. from 
her abdominal wound on the ninth postoperative 
day, after only 700 mg. of dicoumarol. The blood 
appeared stale, and oozing of dark blood continued 
for some days. The clinician thought it was a haema- 
toma. The patient’s prothrombin level was 28 per 
cent by Quick’s and 65 per cent by the venom method. 

Case 55, who had had a vaginal hysterectomy, had 
slight vaginal haemorrhage on the ninth postoperative 
day, lasting for two days, and also some fever (99.6° 
F*). both of which manifestations the surgeon thought 
were due to a mildly infected operation site. A slight 
oozing from the venipuncture hole suggested an over- 
dose of dicoumarol. Her prothrombin level was 28 
per cent by Quick’s and 50 per cent by the venom 
method. 

Discussion 

In view of the more rapid fall in prothrombin 
level when estimated by Quick’s method, less 
dicoumarol was required to keep the prothrombin 
level between 10 and 30 per cent, and consequently 
fewer haemorrhages occurred. 


It may be argued that the levels given by .the 
venom method are the correct ones, and that if 
one aimed, say, at a level of 40 to 60 per' cent 
prothrombin adequate control could be obtained. 
How’ever, in view of the slower response with the 
venom method, adequate warning of impending 
haemorrhage Is not given and cases cannot be 
controlled so accurately. 

The. object of this treatment is to prevent throm- 
bosis, and it may be argued that the smaller dosage 
of dicoumarol required to reduce the prothrombin 
level to 30 per cent using Quick’s method gives 
insufficient protection against this danger. We 
have had one case of- venous thrombosis in the 
latter series: in a woman who had a vaginal 
hysterectomy and was very septic, with fever and 
discharge. It occurred after 1,300 mg. dicoumarol, 
when her prothrombin level was about 40 per cent 
(Quick) and 35 per cent (venom) two days after 
cessation of dicoumarol therapy and when the 
patient was getting up. The thrombosis was a 
slight one, and with two doses of heparin and more 
dicoumarol no further trouble ensued. The 
correlation between prothrombin levels by the 
two methods, clinical findings, and dicoumarol 
administration in this case is seen in Fig. 2, which 
illustrates well the more lively response of Quick’s 
method to administration or withdrawal of dicou- 
marol, and the value of daily estimations of pro- 
Thrombin time in controlling treatment. 

Though the venom methods of prothrombin- 
time estimation may give moderately reliable 
figures on normal plasmas, they do not follow 
the true prothrombin level (or at least the blood 
coagulability) sufficiently closely to give warning 
of impending haemorrhage, and the methods using 
acetone dried brain extract as a thromboplastin are 
far more reliable in this respect. In fact there 



Fig. 2. — Graph of the prothrombin level of Case 53, showing time-relations of dicoumarol administration 
thrombosis, etc., to changes in prothrombin level as measured by Quick’s and Fullerton’s methods. 
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seems to be a delay of two or three days in the 
prolongation of prothrombin time as estimated by 
the venom method, so that prolongation occurs 
after the haemorrhage has taken place ; and in 
some cases there is very little prolongation even 
though severe haemorrhage has occurred. 

Neither of these serious defects has been 
observed with the brain extract method, so 
that, for the safety of the patients and the peace 
of mind of the pathologist, a return to Quick's 
method seems long overdue. 

Summary 

■While controlling the treatment of patients on 
dicoumarol with Russell viper venom method of 
prothrombin-time estimation, it was noted that 
some patients bled with prothrombin concentra- 
tions anywhere between 24 and 45 per cent. 


It was found that Quick’s method was more 
sensitive to changes in prothrombin in patients on 
dicoumarol, and that it provided a more accurate 
forecast of possible haemorrhage. A return to 
this method is advocated. 

I wish to express my thanks to Dr. Schwabacher 
for the interest and help she has shown throughout, 
to Dr. J. V. Dacie for his kindly and constructive 
criticism, to Dr. Reid for checking the statistics, to 
Mr. Fincham and Miss Taylor for th'cir technical 
assistance, and lastly to Professor Browne, upon 
whose patients these investigations were carried out. 
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In a previous report (Godlowski, 1948) spec 'a! 
attention was drawn to the obscure role which the 
eosinophils played in allergic conditions, in par- 
ticular in allergic bronchial asthma treated with 
insulin hypoglycaemia and adrenaline infusion dur- 
ing which a peripheral eosinopenia occurred and 
m both of which the mechanism of the eosinopenia 
seemed to be identical. There is on record 
(Bertelli and others, 1910) certain evidence that 
in dogs big doses of adrenaline produce a peri- 
pheral eosinopenia with local eosinophilia in the 
liver. Analysis of the bone-marrow in allergic 
conditions shows no substantial alteration in the 
eosinophil content (Godlowski, 1948). In order to 
try to trace the fate of the eosinophilic cells during 
the adrenaline infusion and insulin hypoglycaemia 
it was decided to do a lung aspiration biopsy, 
assuming the lung to be the presumptive shock 
organ and the place where eosinophils assemble 
during the peripheral eosinopenia. 

Aspiration lung biopsy has been done by many 
clinicians (Stewart, 1930; Sappington and Favorite, 
1936) for the bacteriological identification of the 
bacteria causing lung infection, particularly of the 
pneumococcus in pneumonia for ascertaining the 
proper serum treatment. In spite of favourable 
reports given by these and other clinicians who 
have used this method and who have stressed its 
harmlessness and its great diagnostic value, this 
method is at present not in general use in lung 
diagnosis except in cases of lung tumours (Martin 
and Ellis, 1930; Stewart, 1930; Sappington and 
Favorite, 1936 ; Wilson, 1945). Serious objections 
to this method are advanced only by those who 
have had inadequate statistical data. Their objec- 
tions are based mainlv on somewhat theoretical 


arguments and fear of spreading infection along 
the puncture canal, of injury of the large pulmonary 
vessels, and of production of pneumothorax, air 
embolism, etc. It has been shown, however 
(Stewart, 1930; Martin and Ellis, 1930 ; Bullowa, 
1936), that these complications occur so rarely that 
they need not be regarded as discrediting this 
method of diagnosis in lung diseases. Two thou- 
sand cases of lobar pneumonia, for example, were 
complicated by empyema in 4.6 per cent of cases 
subjected to lung biopsy, whereas 1,913 cases of 
lobar pneumonia without lung aspiration biopsy 
showed empyema in 5.1 per cent — that is, the fre- 
quency of empyema was of the same degree in 
both series. Thus the empyema must be considered 
as a complication not of the lung aspiration biopsy 
but of the lobar pneumonia (Sappington and 
Favorite, 1936). 

Method 

Seventy-five clinically normal men and women, of 
whom fifty were tobacco smokers and twenty-five non- 
smokers, with negative x-ray reports of the chest, and 
ten cases with various pathological conditions of the 
lung, were subjected to lung aspiration biopsy. The 
first twelve were premcdicated with 0.02 g. of morphia 
and 0.001 g. of atropine sulphate, injected sub- 
cutaneously thirty minutes before biopsy. Since a 
certain number of cases, however, responded with 
toxic symptoms which upset them more than the 
biopsy itself, the premedication was thereafter dropped 
and attention concentrated on a local anaesthesia, to 
which very great importance is attached. The local 
anaesthesia consisted of 2 per cent solution of pro- 
caine hydrochloride. An intradermal wheal was made 
in the first instance and then the tissues of the chest 
were gradually infiltrated as deep as the costal and 
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finally visceral pleura and the adjacent parts of the 
lung tissue itself. Very great importance is attached 
to the anaesthesia of the pleura, since the literature 
includes cases in which simple tapping of the pleura 
caused so-called vasovagal syncope, leading in some 
cases to instantaneous death (Stewart, 1930 ; Sapping- 
ton and Favorite, 1936). Local anaesthesia of the 
pleura can substantially minimize the danger of the 
vasovagal syncope. Five to ten minutes after the 
injection of procaine hydrochloride the patient’s chest 
was again screened by way of a repeat control. The 
site of the biopsy is of no importance in normal cases ; 
in pathological cases the aspiration biopsy should be 
done at the most easily accessible place of the radio- 
logically discovered pathological alteration ; in the 
present series of biopsies it was made in the sixth or 
seventh intercostal space in the anterior axillary line 
of the right lung. Two per cent tincture of iodine was 
used for disinfection of the skin. 

In most of the cases presented here an ordinary 
large lumbar puncture needle was used for the lung 
biopsy. As, however, among the biopsy elements 
there were found cells suspected to be of skin or 
pleural origin, the two-needle method was applied in 
order to avoid the inclusion of such cells and to obtain 
a film of pure lung elements. One short needle of 
large calibre with the stilette in it was pushed through 
the whole chest wall and both pleurae, and, as soon 
as the needle appeared in the lung itself (the whole 
procedure being controlled by radiograph), the stilette 
was removed and a second needle much longer and 
thinner than the first and also with a stilette in it * 
was passed through the first needle. As soon as the 
second needle appeared in the lung the stilette was 
removed and a 20 ml. syringe was connected to it. 
By making an intense, sharp aspiration the second 
needle was pushed into the lung at times as deep as 
20 cm. and moved in and out to the tip of the first 
needle several times. During this procedure the 
patient must stop breathing in order to avoid lacera- 
tion of the lung by respiratory movements with subse- 
quent pneumothorax. The aspiration was stopped at 
the point where the second needle on the way out 
approached the tip of the first one ; the second 
needle was then slowly drawn through the first 
one. The content of the second needle was spread 
on the glass slide and, if the amount was sufficient, a 
film was made of it. The first needle was removed 
and the place of the puncture dressed. In spite of 
these precautions the lung specimen so obtained in a 
few cases still contained pleural cells, which means 
that the second needle was contaminated by the 
material adherent to the wall of the first needle. To 
avoid any incidental contamination from the skin, an 
incision was, in a few cases, made in the skin and 
the two-nccdlc method used through the wound. 
After a week a routine .r-ray control of the chest 
was always made. 

A biopsy smear obtained in this way was dried for 
a period of one to twelve hours at room temperature 
and was stained by the Lcishman or Jenner-Giemsa 


method. Iron haematoxylin or mucicarminc staining 
gives very poor differential value and for this reason 
is not recommended. 

The precaution of using, the two-needle method in 
lung biopsy was necessary only for identification of 
certain cells and exclusion ,of cellular elements of the 
pleura and skin. For ordinary diagnostic purposes 
the one-needle method is entirely satisfactory if it is 
kept in mind that the cells described below belong to 
the serosa of the pleura. The detailed description 
of the one-needle method may be found elsewhere 
(Martin and Ellis, 1930, 1934). 

If the local anaesthesia is well performed the 
majority of the patients feel only negligible pain 
during the whole procedure. More sensitive indi- 
viduals, however, sometimes feel a short stabbing pain 
which in one or two cases may persist for a few hours ; 
such pain is not intensive and can easily be allayed 
by light analgesics. Out of eighty-five normal and 
pathological men and women in the present series, one 
had a slight haemoptysis which ceased after twelve 
hours. Pneumothorax occurred in three : it was small 


Fig. 1. — Normal pulmogram of a non-smoker show- 
ing few macrophages (“ dust cells ”), large cells 
with pale-blue cytoplasm, and alveolar histio- 
cytes with dark-blue cytoplasm ; in both types of 
cells are seen few particles in their cytoplasm. 
The other cells seen in the film are of the type 
seen in the peripheral blood. (Lcishman, X 100.) 

Fig. 2. — Two macrophages (“ dust cells ”) from 
Fig. 1. (XS00.) 

Fig. 3. — Alveolar histiocytes from Fig. 1. (XSOO.) 

Fig. 4. — Sheet of nucleated alveolar epithelium from 
a normal pulmogram; their cytoplasm free from 
any particles, there are some vacuoles seen in the 
cytoplasm. (Leishman, x 800.) 

Fig. 5. — Two macrophages loaded with haemosiderin 
(“ heart-failure cells ”) from a case with chronic 
venous congestion in the lung (mitral stenosis). 
(Jenner-Giemsa, X800.) 

Fig, 6. — Two mcsothelial cells frorr the pleura from 
a normal pulmogram. (Leishman, XSOO.) 

Fig. 7.— Pulmogram of a heavy tobacco-smokcr 
showing very numerous macrophages with pale- 
blue cytoplasm (“ tobacco cells ”) and alveolar 
histiocytes with dark-blue cytoplasm, both heavily 
packed with particles. There is also one giant 
cell, (Lcishman, X 100.) 

Fig. S. — One giant cell surrounded with “ tobacco 
cells ” and alveolar histiocytes from the case seen 
in Fig. 7. (Lcishman, X800.) 

Fig. 9. — Tobacco cells and alveolar histiocytes packed 
with particles from the film seen in Fig. 7. 
(Leishman, x800.) 

Fig. 10. — Ciliated epithelium with * three goblet 
elements forming a palisade layer. Also two 
14 heart-failure ” cells. From a case of chronic 
venous congestion of the lung. (Jenner-Giemsa, 
XSOO.) 
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and was discovered only by routine x-ray control; 
the partly collapsed lung re-expanded totally in 
fourteen days. 

Results and Discussion 

A pulmogram usually consists of cells derived 
from (1) lung tissue, (2) blood aspirated from the 
pulmonary vessels, and (3) tissues of the thoracic 
wall and pleura. 

The identification of some of the pulmonary 
elements as regards origin is very difficult and 
sometimes impossible. Therefore the terminology 
used in this paper for the cells concerned is based 
only on the close resemblance of the cells in 
pulmogram to the elements described by histolo- 
gists. Histological terminology is, however, not in 
the least unanimous about the nature of the alveo- 
lar lining or the origin of macrophages. 

1. Elements derived from the long tissue itself 
are : (u) macrophages, (b) histiocytes of the alveo- 
lar lining, (c) nucleated alveolar epithelial cells, 

( d) “ non-nucleated plates,” ( e ) reticulum cells, 

( f ) collagenous and elastic fibres, (g) lymphoid 
cells, (/i) ciliated and non-ciliated epithelium from 
the bronchi and bronchioles. 

(a) Macrophages vary greatly in size (15 to 50 
microns in their longer diameter) and in shape, 
being round, oval, or irregular. Their cytoplasm 
with Leishman or Giemsa staining is pale blue ; 
it may be packed with particles of different origin, 
shape, and size, or might have only a few granules 
or none at all. Their nuclei are round or oval, 
may be single or multiple, and stain a violet 
colour ; they contain one or more nucleoli and are 
abundantly filled with coarse, granular chromatin. 
Cells with several nuclei and reaching the upper 
limits of the dimensions specified above are rarely 
seen in normal pulmograms ; the cytoplasm of these 
very big cells often contains particles, but by this 
method of staining it is difficult to decide whether 
they include any bacteria. These macrophages^ 
belong to the class of giant cells (Figs. 7 and 8). 
The function of the macrophages is phagocytosis, 
and according to the phagocytized material they 
have acquired different names ; if they contain dust 
or carbon particles they are called “ dust cells ” 
(Figs. 1 and 2), or if they include granules of 
haemosiderin derived from ingested red cells pha- 
gocylosed in chronic venous congestion of the lung 
they are called ** heart-failure cells ” (Figs. 5 and 
10) ; they may also be called “ tobacco cells ” (Fig. 
9) if they contain partly or totally carbonized 
tobacco. 

The origin of these cells is not conclusively 
elucidated ; Lang (1925) and Gazavcrli (1936) sug- 
gest that they arise from the “ septal cells ” by losing 


contact with their ground and growing in size. 
Others suggest an origin from the nucleated alveo- 
lar epithelium (Cappell, 1923, 1929 ; Carleton, 
1927) or from' septal pericapillary cells or the 
mononuclear cells of the blood (Foot, 1927). 

The “dust cells” in a normal pulmogram are 
usually irregular in their distribution and are found 
most plentifully at the edges of the film, where they 
are suitable for the observation of qualitative 
alterations only. To get information about quanti- 
tative changes in the “ dust cells ” it is advisable to 
compare the number found in the middle fields of 
the smear with those on its edges, as is done in a 
differential count of the peripheral blood. A 
pulmogram may be considered normal as regards 
quantitative changes when the number of “dust 
cells ” found in one high-pow r er field (an average 
of 100 fields) does not exceed three to five 
macrophages. If, however, peripheral blood w r ere 
aspirated in large quantities into the syringe, the 
quantitative estimation w'ould be fallacious. 

(h) Histiocytes of the alveolar lining (Fig. 3) are 
smaller cells than “ dust cells ” and more regular 
in shape, with highly basophilic cytoplasm in 
w'hich are seen particles of different size and shape. 
The single nucleus is as a rule eccentrally located, 
oval or round in shape, and densely filled with 
granular chromatin. 

Gazayerli (1936) in his experiments on animals 
and in human beings found cells with high 
phagocytic power between the nucleated alveolar 
epithelium. These occasionally showed mitosis 
and w T ere regarded by him as capable of being 
shed into the lumen of alveoli. Such cells may 
resemble those reproduced in Fig. 3. 

(c) Nucleated alveolar epithelial cells (Fig. 4) 
are the cells much smaller than ** dust cells,” and 
their shape is polygonal if they are in sheets or 
more round if isolated. The blue cytoplasm with 
small violet patches is never granular but may be 
finely vacuolated. The large single nucleus filled 
with coarse granules of chromatin is violet and 
usually contains one or more nucleoli. 

The lack of any particles in their cytoplasm in 
biopsies in which phagocytes are packed with 
granules proves their total inability to act as phago- 
cytes. The amount of the nucleated alveolar 
epithelium might in certain normal pulmograms 
be greater than all other elements. Cells of this 
nature have been identified as those which line the 
w'alls of the alveoli themselves and are thus part 
of the interalveolar septum (Gazavcrli, 1936 ; 
Miller, 1947). 

W) "Non-nucleated plates ” (Fig. 11) arc very 
thin structureless plates which are polygonal or 
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TABLE 

AVERAGE PER CENT VALUES OF DIFFERENTIAL COUNTS MADE FROM CAPILLARY BLOOD AND FROM ASPIRATION 

LUNG BIOPSY FROM THIRTEEN NORMAL CASES 



s Neutrophils 

Eosinophils 

Basophils | 

Monocytes 

Lymphocytes 


Young 

| Mature 


Capillary 
blood i 

Lung 

Capillary 
blood i 

Lung 

Capillary 

blood 

Lung 

(Capillary 

blood 

Lung 

Capillary 
! blood 

Lung 

Capillary 

blood 

Lung 

Differential 
counts: 
% values 

2.11 

2.22 

63.08 

64.77 

2.38 

3.15 

0.23 

0.23 

! 5.69 

3.48 

27.38 

26.85 

Standard’error 

± 1.1 

! 

±1.31 

| ±10.14 

±7.61 

±1.73 

±2.03 

±0.42 

±0.42 

| ±2.49 

±2.57 

±9.9 

±9.9 


quite irregular in outline and stain very lightly 
bluish violet ; they are usually located at the 
thinner end of the smear singly or in groups. The 
two-needle method, made through the incision in 
the skin, on the one hand and the aspiration lung 
specimen taken at necropsy on the other prove 
their lung origin conclusively. 

Similar plates have been described by Kolliker 
(1881) and Lang (1925) as forming part or all of 
the alveolar lining. In the aspiration lung biopsy, 
however, they may be an artifact — for example, 
cells of various kinds from which the nucleus has 
been removed by manipulation while making the 
film. 

(e) The reticulum cells (Fig. 12), which are rarely 
found in a normal pulmogram, are branching 
elements with deep blue non-granular cytoplasm 
and hyperchromatic nucleus, situated in the middle 
of the body of the cells. They are quite numerous 
in a pulmogram from pathological conditions of 
the lung entailing destruction of the pulmonary 
tissue. 

(/) Collagenous and elastic fibres are elements 
often met in pulmograms obtained from a lung 
involving destructive processes ; both are stained 
violet by this method ; collagenous' fibres (Fig. 
12, c.f.) are thick and twisted threads and the 
elastic fibres (Fig. 12, e.f.) are fine straight ones. 

(g) Lymphoid cells are cells of young lympho- 
cytic type as met in the peripheral blood, with a 
round violet nucleus and one nucleolus ; the pale 
blue cytoplasm never contains any particles and 
in this respect resembles the nucleated alveolar 
epithelium. They are, however, much smaller in 
size than alveolar epithelium, while the nuclear 
chromatin is more compact and the nucleus itself 
also is much smaller. 


(h) Ciliated and non-ciliated epithelial cells 
(Fig. 10) lining bronchi and bronchioles of different 
calibre are very seldom seen in a normal biopsy. 
Pathological conditions such as venous congestion 
and chronic bronchitis, however, are characterized 
by the appearance of such ciliated cylindrical cells 
arranged in palisade formation or singly. Cilia by 
this method of staining are pink-red or violet in 
colour. If arranged in a layer, these cells may 
include goblet elements (Fig. 10). The bottom of 
the row shows polygonal epithelial cells with oval 
nuclei and they are the parent cells of the surface 
epithelium. 

Non-ciliated epithelial cells lining respiratory 
bronchioles are cells of cuboidal outline with a large 
oval nucleus and cytoplasm free of any granula- 
tion in normal conditions, whereas in pathological 
ones such as inflammations the cytoplasm may be 
vacuolated. 

2. White blood cells aspirated from the pulmon- 
ary vessels. — The differential count of these cells 
was compared with capillary blood differential 
count. The results are shown in the Table and 
indicate that difference between the peripheral 
and pulmonary differential counts lies within tb e 
limits of experimental error. 

3. Cells derived from tissue of the thoracic wall. 
— These are mainly those from the costal and- 
visceral pleura. Such mesothelial cells v (Fig. 6) 
may be seen in the pulmogram obtained 
by the one-needle method. As was mentioned 
before, however, they may also appear in pulmo- 
grams made by the two-needle method, but 
in much smaller number. They are scattered 
as loose cells over the whole film. Their pale 
violet-blue cytoplasm is free of granulations. Their 
round, violet nucleus is centrally or eccentrally 
localized and has thick granular chromatin. 




Fig. 12. — Putmogram from an ulcerative 
lung tuberculosis showing numerous 
cells of the lymph ocyte and poly- 
morph type and some collagenous 
(c.f.) and clastic fibres (e.f.) and 
also few reticulum cells (r.c.)« 
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Tobacco-smoker’s Pulmogram 

Fig. 7, a specimen from a heavy smoker (60 
cigarettes per day) otherwise normal, shows a 
remarkably increased number of all the cellular 
elements. Although there are certain parts in the 
film containing a lesser number of the cells, yet 
the greater part of the smear has the character 
reproduced in the photomicrograph. Giant cells 
which are of common occurrence in such cases 
are also present. 

A detailed analysis of the tobacco-smoker's 
pulmogram under high magnification is seen 
in Fig. 9 and makes it clear that the majority 
of the cells are macrophages and in this 
case might be called “ tobacco cells." They are 
loaded with particles of various sizes and shapes 
of which some are black and some are deep blue ; 
the black granules are the carbon particles 
which are not stained at all, and the 
granules staining deep blue might be partly 
carbonized tobacco or paper particles inhaled 
while smoking. Apart from the macrophages 
loaded with granules, there are quite numerous 
macrophages almost entirely free from any par- 
ticles, and this may be regarded as a sign of local 
irritation by smoking. The nucleated alveolar 
epithelial cells are also much more numerous than 
in non-smoker's pulmogram. 

The conclusions to be drawn from a smoker's 
pulmogram are: (1) their lungs are “infiltrated” 
with macrophages with increased production of 
giant cells ; (2) there is an increased shedding of 
the alveolar epithelium. The degree of these 
alterations depends, of course, on the daily amount 
of tobacco inhaled. 

Comments 

Aspiration lung biopsy may be used as a 
diagnostic procedure in various pathological con- 
ditions of the lung such as pneumoconiotic or 
chronic and acute inflammatory processes. The 
pathological alterations may be viewed on the 
bases of quantitative and qualitative changes of 
the cellular elements as well as changes of micro- 
histochemical analysis ; this may be of particular 


value in the various types of pneumoconiosis, which 
may offer diagnostic difficulties clinically. 

The most common complication of the aspira- 
tion lung biopsy is pneumothorax which in the 
present series occurred in three cases in a very 
benign form ; pneumothorax per sc, if not of very 
great* degree, should not be regarded as serious. 
On the contrary it might even have a certain bene- 
ficial effect in inflammatory lung conditions. In 
non-inflammatory cases it is usually a harmless 
event generally escaping notice. 

The few accompanying photomicrographs give 
some idea of the value of this method in clinical 
diagnosis. Further investigation is needed to elicit 
its real value in the various pathological conditions 
of the lungs. 


Summary 

1. A cytological study is made of the aspiration 
lung biopsy in normal and pathological conditions. 

2. The method of the biopsy is described. 

3. Suggestions are made for further investiga- 
tions along these lines. 

I express my thanks to Prof. A. M. Drennan, 
of the Pathology Department, Edinburgh University, 
for his advice and criticism ; to Dr. Mackie, radio- 
logist to the Ballochmyle Hospital, Ayrshire, for his 
ready collaboration and technical advice in the carry- 
ing out of the aspiration biopsy in his department ; 
to Dr. F. R. Ogilvie for criticsm and help in micro- 
scopic differentiation of the cellular elements ; and to 
Mr. T. C. Dodds for the photomicrographs. 
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THE INFLUENCE OF ANTICOAGULANTS ON FIBRIN 

NETWORK FORMATION 

BY 
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From the Clinic of Industrial Medicine and the Fourth Medical Clinic, Charles University, Prague 

(RECEIVED FOR PUBLICATION, MAY, 1948) 


In recent years great efforts have been made to 
identify the stages of the process of coagulation. 
The object of this study was to demonstrate the 
effect, if any, of certain anticoagulants on the 
production of the fibrin network in a thrombus. 

Technique 

In general the method described by Fonio and 
Schwenderer (1942) was used. Ten rnl. of blood 
taken from a fasting patient with a dry syringe 
was divided equally and put into two paraffined 
test tubes which had been kept in a refrigerator. 
Thereafter the blood was centrifuged for 2 
minutes at 3.000 revolutions per minute. The 
plasma thus obtained was transferred in a dry, care- 
fully cleaned pipette to a slide which had been 
sprinkled lightly with particles of burned kaolin 
powder under observation by a dark-field micro- 
scope. The kaolin particles were added to provide 
crystallization centres and focusing points. The 
preparation was then covered with a polished cover- 
slip and observed by means of an oil-immersion objec- 
tive in which an iris diaphragm was incorporated. 

Two test-tubes were used because it had been found 
that the second sample frequently clotted spontane- 
ously during centrifuging, a behaviour which could 
possibly be explained by the presence of bubbles of 
froth formed in expressing the blood from the syringe ; 
this factor might well influence blood-clotting. The 
microscope was focused either on suspended thrombo- 
cytes or better on the particles of kaolin. The total 
time, from the drawing of blood until the focusing on 
the preparation, was approximately 7 minutes. 

Normal Findings 

During the next 7 minutes the transformation of 
fibrinogen into fibrin occurred. The first fibrin 
needle suddenly formed on a crystallization centre 
(thrombocyte or kaolin particle) ; subsequently 
other crystals grew from it. In a short time fibrin 
crystals appeared on the other centres as well : 
and within 5 minutes the whole field was covered 
with a fibrin network, single 44 needles “ being of 


varying lengths and forming an irregular reticulum. 
The development of the fibrin network was photo- 
graphed by a “ Mifilmca Leitz ” camera, the 
exposure being 20 seconds with 23° Scheiner 
cinema film. 

The fibrin network was observed for several 
hours, some of the specimens being examined for 
as long as 24 hours. No considerable changes in 
the network were detected. Only occasionally, 
after 1 to 6 hours, haemochronia appeared in the 
interstices, showing a lively Brownian movement. 
These haemochronia have been seen even in the 
plasma of patients who had fasted for more than 
12 hours, and they are therefore most likely an 
expression of the normal lipaemia. 

Observations on Changes Produced by 
Anticoagulants 

In cases with a lowered prothrombin level 
produced by the coumarin compound “ pelentan " 
(Kubfk and Reinis, 1948), a difference in fibrin 
formation was noted the intensity of which was 
proportional to the degree of the fall in pro- 
thrombin level. The onset of the formation of 
the first fibrin needles was not delayed in com- 
parison with the normal, but the development 
of the fibrin network proceeded more slowly. 
Delicate, long fibrin crystals were formed, pro- 
ducing an “ asthenic form of the network. The 
picture observed within 5 minutes in normal 
plasma was not reached until after several hours. 
A similar picture has been seen in icteric plasma, 
in which the prothrombin level has been lowered 
by hepatic damage or by retention of bile. 

The effect of heparin was also observed. If 
added to blood in vitro, this substance interferes 
with coagulation for an unlimited time : even after 
seven days fibrin needles could not be detected. 
One ml. of heparin (50 mg.) was given intra- 

■ Now a t the Department of Clinical PaihoTopj. Ur.i'enm Coilecc 
Hospital, London. 
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Fig. 1. — Normal plasma. First fibrin needles suddenly appearing on a crystallization centre. (Time 
approximately 7 minutes after bleeding.) (Magnification of all pictures : microscopic, x 750 ; photographic, x 27.) 



Fig. 2.— Normal plasma. Fibrin crystals forming on secondary centres in subsequent seconds. 



Fig. 3. — Normal plasma. Definite fibrin network made by large needles of varying lengths. (Time 5 to 7 minutes 

after formation of first crystals.) 





Fig. 5. — Plasma of a patient 3 hours after injection of 50 mg. of heparin. First phase of fibrin crystal formation. 

(Time 7 to 9 minutes after bleeding.) 



Fig. 6. Plasma of a patient 3 hours after injection of 50 mg. of heparin. Delicate crystals heaped up around 
the crystallization points. Picture of definite network. (Time approximately 15 minutes after bleeding.) 
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venously, and the first sample was taken 20 
to 30 minutes after the injection. No crystals were 
seen to form in these specimens when they were 
examined immediately : the blood in the test-tube 
remained unclotted. Twenty-four hours later, 
however, if a specimen were taken from this test- 
tube, the fibrin network formed within the normal 
time. It appears that passage through the body so 
alters heparin that its efficacy becomes exhausted 
in the blood in the test-tube. This late network 
has different morphological properties which are 
the same as those seen in blood taken 3 hours 
after a previous heparin injection. In both, the 
time of appearance of fibrin crystals formation is 
normal (7 minutes) after the slide has been pre- 
pared, or approximately 15 minutes after the 
blood has been withdrawn. Although the velocity 
of development of the network is apparently about 
the same as in normal plasma, the crystals are 
more delicate, and the mesh of the network is 
smaller, with characteristic “ hedgehog forma- 
tions heaped up around the centres of crystal- 
lization. 


Because it is extremely difficult to reproduce 
in vitro all the biochemical and mechanical factors 
which take part in this reaction, exact conclusions 
cannot be drawn. Some artificial conditions are 
produced in the preparation of the specimens 
which differ from intravascular conditions. Never- 
theless, it is felt that in this way a survey was 
obtained of the morphology of this phase of the 
process of coagulation, and the findings provide 
some idea of the structure of a thrombus and how 
this is influenced by anticoagulants. 

Summary 

By means of a dark-field technique the forma- 
tion of fibrin network has been observed. Findings 
under normal conditions, and changes caused by 
administration of heparin and of a coumarin 
compound, are described. 
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Above , left: 

Fig. 2. — Compressed scolex unstained, 
showing suckers and hooklets. 
(X 100.) 

Above , right : 

Fig. 3. — Section of parasite. Haematoxylin 
and eosin. (x 24.5.) 


Fig. 4. — Same as Fig. 3, showing details 
of scolex. (x 145.) 





J. clin. Path. (1949), 2, 61. 


INTRA-MEDULLARY CYST OF THE* SPINAL CORD DUE 
TO THE CESTODE MULTICEPS MULTICEPS 
IN THE COENURUS STAGE 

REPORT OF A CASE 
BY 

i 

J. W. LANDELLS 

From the'Bemhard Baron Institute of Pathology , London Hospital 
(received for PUBLICATION, OCTOBER 1. 1948) 


The cestode Midticeps midticeps is well known 
as a cause of intracerebral cysts in sheep, but there 
are only three reports of similar human infestation 
certainly due to this particular parasite (Brumpt. 
1936 ; Clapham, 1941 ; Cluver, quoted by Craig and 
Faust, 1943). The subcutaneous tissues in man have 
been more frequently involved ; there are some 
eight reports from various continents. The case now 
to be detailed is the first in which the spinal cord 
has been affected. A parallel case of hydatid cyst in 
the spinal canal has been published by Rogers and 
Tudhope (1938) ; the measurements of the hooklets 
in their case and the present case establish the 
different species involved. 

Case Report 

A girl aged 14 was admitted to the Brentwood 
Annexe of the London Hospital under Mr. Northfield 
on Feb. 15, 1947. She was suffering from spastic 
paraplegia of acute onset at the level of the sixth 
thoracic segment ; her earliest symptom, “ pins and 
needles in her legs,” appeared and increased in inten- 
sity only four weeks before motor and sensory 
paralysis became complete. Double incontinence 
followed three weeks later, but she never complained 
of any pain. 

Laminectomy and exploration of the cord were 
undertaken on Feb. 19, 1947. on a clinical diagnosis 
of inlra-medullary tumour, the spines and laminae of 
the fourth to the ninth thoracic vertebrae being re- 
moved. The dura was tightly stretched over a swell- 
ing of the cord, the surface of which was irregular 
and had a patchy bluish discoloration. A midline 
incision was made into the posterior surface of the 
cord at about the fifth and sixth thoracic segments, and 
a thin-wallcd cyst, which presented itself spontaneously 
through the opening, was easily and apparently com- 
pletely delivered by gentle traction ; it had no visible 
attachment to the cord. The para’ysis did not improve, 
and a second operation a month later, exposing the 
whole length of the cord from the fourth to the ninth 
thoracic segments, showed no further cysts and no 
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visible cause for the continuing paralysis. During ten 
months since this second operation there has been 
very slight .sensory' recovery' but no motor recovery, 
and increasingly severe and painful flexor spasms have 
required relief by cordotomy. 

Special investigations. — Four examinations of the 
blood showed no eosinophilia, 450 eosinophils or 
fewer being counted in 6.100 to 9,200 white cells. 

The Casoni test was negative, but was not tried 
until some weeks after the removal of the cyst. 

In already reported cases there is no record of blood 
examinations. Casoni tests in two patients w*jth sub- 
cutaneous coenuri — described as Mtdticeps scrialis — 
were also negative. 

Further inquiry about the patient revealed that she 
had never been abroad, but had been evacuated during 
the w r ar to Glamorgan, where the worm is common 
enough, and here she had been in close contact with 
the sheepdogs at a farm. She returned to Kent a 
>ear before the onset of her illness; there had been 
possible contact with a young puppy — an unlikely 
carrier of the definitive stage — but no close or fre- 
quent contact with other animals. 

Pathological examination. — The cyst fFig. J) was 
received already fixed in' formol-saline, and consisted 
of a chain of vesicles attached to each other in a 
twisted and tangled croup ; individual vesicles were 
up to 0.6 cm. in diameter and had filmy transparent 
grey walls with white nodules (0.1 cm. in diameter), 
varying in number from two or three up to thirty, on 
the inner surface. These nodules were usually in small 
groups (up to eighteen) but also occurred singly. 

When a nodule was compressed under a cover-slip 
and examined under low magnification it showed the 
four suckers and double row of hooklets characteristic 
of a Taeniid cestode fFig. 2}: the multiple scolices in 
each vesicle iaen.ified the t\pe of cyst as a coenurus. 
Professor Buckley, of the London School of Hygiene 
and Tropica! Medicine. \ery kindly completed the 
identification by measurement of the hooklets as 
Midticeps midticeps . the sheep gid-worm. Unfortu- 
nately, as all the material was fixed in formalin, 
this could not be confirmed by identification of the 
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definitive stage by passage through a puppy. Further 
helminthological details of this case have since been 
published by Crusz (1948). 

Histology. — A group of scolices and part of the 
cyst wall were embedded in paraffin and sections were 
stained with haematoxylin and eosin, iron haemo- 
toxylin and van Gieson, and Mallory’s phospho- 
tungstic acid haematoxylin. 

The cyst separated cleanly from the tissues of the 
spinal cord, no part of which was present in sections. 
The outer wall consisted of homogeneous eosinophil 
material 50 thick, thrown up into very numerous’ 
rounded wrinkles 20 to 30 M in diameter ; the fibres 
composing the wall formed a coarse reticulum. On 
the inner surface was a spongy parenchyma with 
numerous small rounded nuclei, often in groups ; the 
confluence of vacuoles of this parenchyma formed 
the cyst cavity. The scolices were developed in 
outgrowths of the parenchyma by invagination from 
the cyst ; this invagination appeared in section as 
irregular cleft lined by the cuticle of the scolex 
(Fig. 3). This was a smooth, uniform, fibreless mem- 
brane (10 /< thick) much folded, which stained a deeper 
and more purple tint in haematoxylin and eosin than 
the outer cyst wall. The suckers and booklets are 
easily made out in the apex of the invaginations 
(Fig. 4). 

For further study of the reactions of the host 
to the cyst I am indebted to Professor L. P. Garrod 
for the loan of a slide, stained with haematoxylin 
and eosin, of the cyst in Clapham’s case, and to 
Professor Buckley for a sheep brain containing a 
cocnurus. 

The human material show's separation of the cyst 
wall from the brain by a space of 250 to 500 ft. 
This is clearly a natural line of cleavage of which 
the surgeons in my case took advantage. From 
the border of this gap, four zones can be made 
out in the brain before normal nervous tissue is 
reached, at the depth of some 3 mm. from the 
cyst wall. 

1. The first zone (100 (i deep) is extensively 
necrotic and is composed of angular, sometimes 
multinucleated cells, orientated at right angles to 
the cyst and separated by numerous clefts and 
spaces. Preservation is too poor to determine the 
character of the cells but some undoubtedly are 
macrophages. 

2. The second, less welt defined zone (100 to 
300 ft) consists of delicate fibrous tissue, the fibres 
lying parallel to the surface. 

3. The main zone of cellular infiltration succeeds 
this with an indefinite boundary and is up to 
700 /i thick, though averaging only 200 jx. The 
infiltration, denser round small blood vessels, is 
mainly of small lymphocytes with a few plasma 
cells. Hyaline, probably collagenous, areas with 


spindle cells are also present, and a larger artery 
is undergoing purulent inflammation and necrosis. 

4. In the nervous tissue proper there is an 
increase of large plump astrocytes which are 
arranged in such a way as to suggest severe 
compression ; this zone is oedematous in places 
and up to 400 ft wide. The adjacent cortex shows 
chromatolysis and dropsical degeneration of a 
large number of pyramidal cells. 

Collectively these observations indicate a chronic 
granulomatous inflammation forming a zone at 
least 3 mm. deep around the parasite. In the 
spinal cord a corresponding zone would be of 
greater functional importance than in the brain, 
and the clinical course of the case and the non- 
recovery after . the removal of the cyst are thus 
easily explained. 

In material from the sheep there is again a very 
obvious line of cleavage between the cyst wall and 
the reaction zone of giant cells, fibrin deposition, 
and necrosis in the adjacent tissue. This zone is 
a great deal wider than in the human, and the 
giant cells are more numerous and much larger. 
There is rather less small round-cell infiltration, 
and no necrosis in the outer adjacent zone. Traces 
of collagen are present in the edges of the more 
intense reaction. 

Although, therefore, there is a very intense 
reaction to the presence of the cyst, this latter does 
not become incorporated in the host tissues, .and 
can be expected to “shell” out on surgical manipu- 
lation ; and, unless compression has already resulted 
in severe damage to important nervous tissues, 
operative treatment should have a very good 
chance of success. 

Literature 

Crusz (1948) has reviewed from the helmintho- 
logical point of view the cases of coenurosis 
reported in man, including the present case, and 
both he and Clapham (1942) consider that the 
three types given specific rank by previous authors 
(for example Faust) are not true species but rather 
physiological strains or immature stages of the 
single species M. multiceps . In Brumpt’s report 
a Parisian locksmith, aged 40, presented with fits 
and aphasia and was found at autopsy eight 
months later to have two cysts, one in the posterior 
horn of the left lateral ventricle and one in the left 
angular gyrus ; the latter was degenerate and con- 
tained only hooklets, but 75 scolices were found 
in the ventricular cyst. 

No details of the case reported by Cluver in the 
lateral ventricle of an African are available ; the 
original reference (not given by Faust) cannot be 
traced. 
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For my knowledge of the clinical details of 
Clapham’s case I am indebted to Dr. D. H. Fulton, 
pathologist to Peterborough Hospital. A man of 
40 was found in coma in his bedroom and died 
20 hours later, his relatives apparently mistaking 
his illness for acoholism. He had served in the 
Navy from the age of 18 to 32 and had been well 
apart from an attack of meningococcal meningitis 
at the age of 18. At the age of 36 he had the first 
of increasingly frequent and severe sudden head- 
aches, which lasted up to 24 hours. He had no 
fits or paralyses. At autopsy the right cerebral 
hemisphere was larger than the left; on section 
a thin-walled cyst 5 cm. in diameter by 8 cm. from 
front to back was found above and lateral to the 
right lateral ventricle ; its inner wall was studded 
with white, raised areas, and it contained clear 
fluid. The left hemisphere and the cerebellum were 
normal. A massive haemorrhage had occurred in 
the pons and medulla and was the cause of death. 
The thoracic and abdominal organs were normal. 
He had died with arms and legs extended and with 
hands tightly clenched. His headaches with their 
paroxysmal onset resemble those occurring with 
colloid cyst of the third ventricle or the headache 
of acute internal hydrocephalus, and a terminal 
pontine or mid-brain haemorrhage is a not uncom- 
mon sequel to increased supratentorial pressure. 
The infection was probably acquired in this coun- 
try 7 rather than during his Naval service. This is 
suggested both by the lapse of four years between 
leaving the service and the onset of the headaches, 
which may be taken as marking the onset of the 


cerebral lesion, and by the life history of the 
parasite. This develops to full maturity in the sheep 
in about eight months (Neveu-Lemaire, 1936) ; 
it is then about 3 to 5 cm. in diameter and causes 
softening of the overlying skull. It occurs all over 
the world where sheep-raising is carried on, the 
definitive stage being passed in the intestine of the 
dog or wolf and the intermediate cyst ( Coenurus ) 
stage in the centraL nervous system of herbivores. 
In this country it is fairly well known in the 
Welsh sheep farms ; but the Chief Inspector of • 
Abattoirs in Cardiff has only seen two cases in 
twenty years, since the sheep commonly die on 
the farms. In some cases the shepherds remove the 
cysts with their penknives, locating them by the 
softening of the skull. The name “ gid-worm ” is 
derived from the staggering of the sheep when 
affected by the parasite. 

I am indebted to Mr. D. W. C. Northfield for the 
clinical notes, and to Professor J. L C. Buckley, Pro- 
fessor L. P. Garrod, Dr. D. H. Fulton, and Dr. Phyllis 
Clapham for assistance with the parasitology and the 
records of previous cases. I also wish to thank Pro- 
fessor D. S. Russell for help in preparing the paper 
and Mr. A. I. King for the photographs. 
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THE ALBUMIN/GLOBULIN RATIO: A TECHNICAL STUDY 

BY 

N. H. MARTIN AND R. MORRIS 
From St. Georges Hospital , London 

(RECEIVED FOR PUBLICATION, SEPTEMBER 11, 1948) 


la 1885-6 Kauder observed that globulin was 
precipitated from serum when the concentration of 
ammonium sulphate reached 24 to 29 per cent of 
full- saturation and that its precipitation ^was com- 
plete when the concentration reached 36 to 46 per 
cent of complete saturation. Thereafter no further 
precipitation took place until the concentration 
reached 64 per cent of full saturation, when albu- 
min started to precipitate, its precipitation being 
complete at 90 per cent saturation. The simple 
qualitative differentiation of albumin from the 
globulin by their behaviour in the presence of 
ammonium sulphate is based on this and like 
observations. 

Howe (1921), investigating the properties of 
sodium sulphate as a precipitant, demonstrated 
three zones in which variations of the concentra- 
tion of the sodium sulphate did not produce any 
significant change in the amount of protein precipi- 
tated. These lay between 13.5 and 14.5 per cent, 
between 16.4 and 17.4 per cent, and between 21 
and 22 per cent, using anhydrous sodium sulphate. 
This last concentration precipitated approximately 
the same amount of protein as did half saturation 
with ammonium sulphate. It was assumed to repre- 
sent the point at which the globulins had been com- 
pletely precipitated from solution. The use of 
the sodium salt for the precipitation enabled the 
estimation of the residual soluble protein to be 
carried out by the Kjeldahl technique, and soon 
the method was adopted widely as a routine pro- 
cedure in the estimation of the “ albumin /globulin 
ratio.” 

The application of the more delicate physico- 
chemical techniques to the study of the serum 
proteins, and in particular the accumulation of 
data derived from analyses made by the electro- 
phoretic technique of Tiselius, makes it desirable 
to check how far the common practical routine 
methods yield results comparable with those 
obtained by the more delicate physico-chemical 
techniques. 

Dole (1944) demonstrated clearly that the 
albumin-globulin ratio of normal plasma calcu- 


lated from electrophoretic data was constantly 
at variance with that obtained by the Howe 
fractionation technique. Subsequently one of the 
writers, in studying sera from diseased persons, 
noted not only that there was divergence but that 
the discrepancy was on occasion such as to suggest 
that the cruder technique was yielding meaningless 
results in terms of the electrophoretic data. Other 
workers (Pillemer and Hutchinson, 1945 ; Majoor, 
1947 ; Milne, 1947) have been exercised by the 
same problem. 

If the routine procedure of reporting the 
albumin /globulin ratio was to retain any mean- 
ing at all it seemed highly desirable to adopt a 
procedure which, while simple enough for routine 
procedures in a busy laboratory, -gave results which 
bore some reasonable relationship to the figures 
obtained by more elaborate methods of analysis. 
With this end Jn Hew some of the common labora- 
tory techniques of separation and modifications of 
them were examined. 

Materials 

The sera were drawn from patients with a wide 
variety of clinical conditions in whom qualitative and 
quantitative disturbances of circulating proteins were 
anticipated. 

Methods 

The following single-stage methods of protein 
fractionation were examined: 

1. (a) Precipitation of the globulin fraction using, 
sodium sulphate according to . the technique of 
Howe ; (/;) precipitation of the globulin fraction 
using 1.83 molar sodium sulphate (26 per cent 
sodium sulphate) at 37° C. (Majoor, 1947). 

2. Precipitation with sodium sulphite according 
to the technique originally outlined by Campbell 
and Hanna (1937). 

3. Precipitation with magnesium sulphate follow- 
ing the technique outlined by Popjdk and McCarthy 
(1946). 

4. Precipitation by methanol in an acetate 
buffer according to the technique of Pillemer and 
Hutchinson (1945). 

The conditions of precipitation are shown in Table I. 

Robinson and others (1937) have observed that 
repeated filtration results in adsorption of protein 



ALBUMIN ! GLOBULIN RATIO 


65 _ 


TABLE I 

CONDITIONS FOR PROTEIN PRECIPITATION 



pH 

Codc. 

S-/L 

Approx, final 
molar cone, 
before ppt. 

Alcohol 

cone. 

! Temp. 

; c c. 

Range of protein 
cone, before ppt. 

| (in g. per 100 ml.) 

[Time allowed 
[ for complete 
| precipitation 
| (hours) 

Sodium sulphate Na.S0 4 

6.4 ± 0.04 

1 225 

1.53 


37 

0.3S-0.14 

16 

Sodium sulphate Na 2 S0 4 

6.5 ± 0.04 ! 

WSsM 

1.77 

ml 

37 

0.38-0.14 

! 16 

Sodium sulphite ! 

' Na 2 S0 2 7H,0 .. .. I 

9.6 ± 0.04 

420 

I 1.59 

nil 

20 

0.58-0.210 

i - 

Magnesium sulphate 
saturated sol 

7.0 ± 0.2 

360 

l 

1 3.00 

nil 

20 

1.45-0.53 

i 

24 

. Methyl alcohol in sodium 
acetate buffer . . 

6.7 ± 0.05 

i 

i 

0.06* 

1 

42.5% 

0-2 

1 

: 

2.3-0.85 j 

! 

! i 


* Approximate molarity of acetate buffer. 


from solution on the filter paper. Filtrations, there- 
fore, were carried out once only. If the filtrate was 
not clear it was rejected. The nitrogen estimations 
were carried out by the micro-Kjeldahl technique, 
which was standardized by the estimation of the 
nitrogen content of weighed amounts of crystalline 
bovine albumin. 

The protein values calculated from the nitrogen 
estimations were correlated with an electrophoretic 
analysis of the same sample of serum after dialysis 
against a phosphate buffer find run at pH 8.0 in a 
0.2 M-sodium phosphate buffer, the protein concen- 
tration being adjusted to. 2.0 g. per 100 ml. buffer. 

The pH of the various precipitating solutions was 
estimated using the standard glass electrode, measure- 
ments being made before and after precipitation of 


the globulin fraction. The pH of the solutions is 
shown in Table I. 

Results 

The results of the various analyses are compounded 
in Table II. The electrophoretic analyses of the 
soluble proteins after precipitation by the Howe 
technique (22.5 per cent sodium sulphate) has been 
shown by Perlmann to consist of appreciable amounts 
of a and ft globulins. By increasing the concentration 
of sodium sulphate to 26 per cent a fractionation was 
obtained which approximated much more closely to 
the albumin /globulin ratio obtained by electro- 
phoretic analysis (compare columns b, g, and i in 
Table II). Electrophoretic analysis of the soluble 


TABLE H 

TABLE OF ANALYSIS 




* i 

Total protein 
by micro- 
Kjeldahl 
g./IOO ml. ! 

(a) 

Electrophoretic analysis 
fractions as g./ 100 ml. 

After 

precipitation 

After - 

j 

After After 

No. 

Serum 


Globulins 


with NauSOi 

. 

wiSMeOH! prec ’ p ' tat ’ onpreci " p * tatl ’on 
T.c _ "i.Jwith Na.SO. with McSO. 



Alb. | 
(b) j 

(0 

*3 

(d) 

3 

(e) 

V 

(0 

26% 

(g) 

22.5% 

(b) 

VVHU iiUCUUC, 

(i) ; 0) 

j (k) 

i 

E (ter) 

6.20 

1,27 

0.23 



3.3 

1.2 

2.15 

1.25 

2.4 

1 9 

2 

M. 

7.85 

2.85 

mwm 

1.9 

1.4 

ITB 

2.8 

3.4 

? Q 

4.0 

3 35 

3 

E. 

7.6 

2.8 


1.5 

2.6 

2.7 

3.2 

2.7 

2.9 

3 l 

4 

Br t 

5.1 

2.3 

0.92 

1.02 

0.82 

2.1 

2.5 5 

2.35 

2.8 

2.35 

5 

Ru 

5.1 

2.55 

1.27 

0.76 

1 mm 

2.3 ' 

2.5 

2.5 

2 8 

: 2.6 
t 

6 

P 

4.2 

1.85 

mmm 

0.34 


0.8 

1.8 

2.3 

1.9 

?4 

7 

s 

4.4 

0.97 

1.8 

BEES 


0.67 

0.96 

2.7 

1.0 

2.8 


S 

H, 

8.8 

2.8 

0.5 

1.8 

3.6 

2.7 

3.2 

2.7 

3 4 


9 

IL 

6.8 

1.7 ! 

1.36 

1.63 

1.5 

0.60 

1.8 

3.2 

1.75 

3 0 


10 

Cr 

12 

3.2 ! 

0.22 

1.2 

1.73 

0.72 

3.2 

4.0 

3.4 

37 

J 

11 

IL 

6.0 

2.55 | 

0.5 

0.75 

0.95 

L2 

2.6 

! 2.9 

' 2.7 

3 0 

1 

12 

b; 

11.6. 

1.21 

— 


— 

9.35 

1.2 

! 2.1 i 

1.25 

I 7 

j 

13 

Mi 

8.5 

4.15 

0.76 

0.S5 

1.53 

1.02 

4.2 

| 5.1 j 

4.4 

4.S 


14 

Cl 

7,6 

3.6 

0.4 


1.75 

L2 

3.6 

! 4.3 ! 

3.55 ! 

J 

15 

i 

t 

i 

S.5 
j (a) 

Bpf 

(7) 

0.9 

(d) 

w 

6.5 

(0 

1.2 

(g) 

; 2.o ; 
(b) i 

1.03 ; 

(0 s 

t 

0) 

| (k) 
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portion in fact demonstrated that a small but appreci- 
able portion of a globulin remained in solution when 
precipitation was complete. This is of fundamental 
importance when considering properties attributable 
to this soluble fraction. The soluble proteins obtained 
by the alcohol acetate fractionation of Pillemer were 
also examined electrophoretically, and it will be seen 
from Table II, column i, that they, too, gave, results 
approximating well with the electrophoretic analysis. 

Discussion 

Because the amount of serum from individual 
patients was limited, the majority of estimations 
was concentrated on two techniques which in our 
hands seemed to give results corresponding most 
consistently with electrophoretic data. 

It wilt be seen that both the classical How? 
technique and the technique of Campbell and 
Hanna, using sodium sulphite, are at considerably 
variance with the albumin /globulin ratio deduced 
from electrophoretic analysis. A further objection • 
to the use of sodium sulphite is that the pH of thy 
precipitating solution lies so far to the alkaline sidy 
of neutrality that there is risk of denaturation of 
some of the proteins under examination and of 
alteration in their solubility. Though Cohn and 
-others (1946) have shown that if the temperatury 
of the mixture is kept low the use of the organiy 
solvents is permissible in affecting separation, they 
stress the caution with which such solvents must 
be used. Our examination of the soluble fraction 
from the acetate methanol separation suggested 
that on occasion some slight degree of denatura- 
tion may occur. We do not believe that this is 
frequent or extensive if care is taken in maintain- 
ing a low temperature during precipitation. Wy 
mention it to stress the care that must be exercised 


when employing organic solvents, in separation. 
Apart from this defect the method advocated by 
Pillemer was clean, rapid, and convenient. That, 
and the separation by 26 per cent Na 2 S0 4 along 
the lines outlined here and as laid down by Majoor 
(1947), have in our hands offered the most con- 
venient and most accurate routine procedures for 
the estimation of the albumin/globulin ratio in a 
clinical laboratory. 

Summary 

Salting-out methods for determination of serum 
proteins have been compared with the figures 
obtained by electrophoretic methods. 

By the use of 26 per cent sodium sulphate or 
methanol precipitation, close agreement with the 
electrophoretic vafues was obtained. 

Twenty-two per cent sodium sulphate, sodium 
sulphite, or magnesium sulphate gave results which 
differed significantly from the electrophoretic 
values. 

We wish to express our thanks to Dr. Kekwick, of 
the Lister Institute, for the facilities placed at our 
disposal. 
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MEASUREMENT OF THE GLOMERULAR FILTRATION 
RATE AND THE EFFECTIVE RENAL PLASMA FLOW 
USING SODIUM THIOSULPHATE AND 
p-AMINO-HIPPURIC ACID 

BY 

A. DICK AND C. E. DAVIES 
From the Department of Medicine, University of Sheffield 


(RECEIVED FOR PUBLICATION, SEPTEMBER 15, 1948) 


The clearance methods for the measurement of 
the glomerular filtration rate, the effective renal 
plasma flow, and the maximum tubular excretory 
capacity, which were originally developed by Pro- 
fessor Homer Smith and his associates, have found 
increased clinical application in America. These 
tests yield information of fundamental physio- 
logical significance, but they cannot be undertaken 
lightly because they are time-consuming both for 
patient and doctor. Many of the methods previ- 
ously employed made use of a continuous drip 
infusion ; either inulin or mannitol was employed 
to measure the glomerular filtration rate, and 
diodrast or p-amino-hippuric acid to measure the 
effective renal plasma flow and the maximum 
tubular excretory capacity. Recent modifications 
include the use of special infusion pumps which 
deliver at a constant rate so that equilibrium 
between injection and excretion can be attained 
(Earle and Berliner, 1946) and the adoption of a 
single-injection technique (Landowne and Alving, 
1946 ; Joscphson, 1947 ; and Newman and others, 
1946). 

Gilman and others (1946), while examining the 
mechanism of sodium thiosulphate excretion in 
the dog, found that the clearances of sodium 
thiosulphate and creatinine were identical. They 
assumed that sodium thiosulphate clearance was 
a measure of the glomerular filtration rate in the 
dog. Subsequently they measured simultaneously, 
in man, the clearances of sodium thiosulphate and 
inulin. Single large doses of the two substances 
were given intravenously (10 g. of inulin in 10 per 


cent solution followed by 1 g. of sodium thiosul- 
phate per 10 pounds of body weight). They found 
that the ratio of inulin to sodium thiosulphate 
excretion, as measured on declining blood concen- 
trations, averaged 0.99, with a standard deviation 
of 0.08. These results were based on seventy- three 
observations ; they assumed that sodium thiosul- 
phate clearance was a measure of the glomerular 
filtration rate in man. 

This single-injection method, while eliminating 
the technical disadvantages of a continuous 
infusion, does not permit observations to be 
made over a long period because the plasma 
concentration soon falls below the level at which 
it can be accurately estimated. It does not permit 
of simultaneous measurement of the effective renal 
plasma flow by p-amino-hippuric acid because the 
concentration of this substance in the plasma must 
be kept below 4 mg./ 100 ml. in order to ensure 
complete clearance in a single passage through the 
kidney (Goldring and Chasis, 1944). Lastly, the 
single injection of a large amount of sodium thio- 
sulphate is liable to produce toxic effects ; seven 
of the 26 patients studied by Gilman suffered 
nausea and vomiting. 

The present work is an attempt to establish 
a reasonably simple method of measuring the 
glomerular filtration rate, using non-toxic doses of 
sodium thiosulphate, administered by continuous 
infusion. In ten normal male medical students the 
clearances of sodium thiosulphate and inulin have 
been measured consecutively ; the drugs cannot be 
administered simultaneously in the same drip 
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TABLE I 

i 

COMPARISON OF INULIN AND SODIUM THIOSULPHATE CLEARANCES IN TEN NORMAL MALES 


Case 

no. 

Age 

Height 

and 

weight 

Inulin 
clearance 
ml. per min. 

Thiosulphate 
clearance 
ml. per min. 

Mean inulin 
clearance 
corrected to 
1.73 sq.m, 

Mean 

thiosulphate 
l ' clearance 
corrected to 

1.73 sq.m. 

1 

20 

5 ft. 6 in. 

a. 168 

164 

166.5 

164.5 



10 st. 1 lb. 

b. 165 

165 


s 

2 

32 


a. 132 

* 121 

119 

103 



EUlai 

b. 138 

113 



3 

19 

5 ft. 10 in. 

a. 204 

■■ 

190 

176 . 



11 St. 

b. 206 




4 

19 

6 ft. 1 in. 

a. 154 

160 

134 

131 


- 

11 st. 121b. 

b. 154 

143 



5 

26 

5 ft. 8 in. 

a. 148 

145 

135 

137 



12 st. 

b. 148 

156 

i 


6 

18 

5 ft. 9J in. 

a. 169 

177 

168 

165 



11 st. 1 lb. 

i b. 191 

178. 



7 

20 

5 ft. 9 in. 

a. 113 

113 

104 

in 


' 

10 st. 61b. 

b. 104 

117 



8 

25 

5 ft. 101 in. 

a. 144 

142 

133 

131 



10 st. 8 lb. 

b. 140 

136 

I 


9 

31 

5 ft. 10 in. 

a. 158 

165 

158 

157 



9 st. 13 lb. 

b. 164 

154 


1 

10 

34 

5 ft. 7 in. 

a. 166 

176 

175 

164 



10 st. 3 lb. 

b. 166 

180 


i 

Mean . . 

- 


— 

— i 

144 

146 


arc shown in Table I. The clearances were cor- 
rected to a surface area of 1.73 sq. m. using Du 
Bois tables. There is a close relationship between 
inulin and thiosulphate clearances in normal 
individuals ; the mean clearance for inulin was 
144 ml. per minute and for thiosulphate 146 ml. 
per minute. 

The total plasma concentration of thiosulphate 
was 12 to 15 mg./ 100 ml. and of inulin 20 to 25 
mg./ 100 ml. With these amounts accurate deter- 
minations are possible and the end point of the 
thiosulphate estimation is sharply definable. Both 
plasma and urine “ blank ” determinations were 
made ; the mean plasma level of “ thiosulphate ” 
was about 4 mg./ 100^ ml. and of “inulin” 2 mg./ 
100 ml. The concentration of the urine will obvi- 
ously affect such “ blanks ” ; the specimen should 
be obtained under similar circumstances to those 
during the clearances. The concentrations of 
both thiosulphate and inulin in the urine were 
very low and may therefore be neglected. 


2. The Combined Test to Measure 
Simultaneously the Glomerular Filtration 
Rate and the Effective Renal Plasma Flow 

This was carried out in three healthy male 
medical students ; the results are shown in Table II. 

The mean clearances for normal males given by 
Goldring and Chasis (1944) are 697 ml. per minute 
for the effective renal plasma flow and 131 ml. per 
minute for the glomerular filtration rate, giving 
a filtration fraction of 0.19. In normal individuals 
the range is wide, but the results obtained agree 
closely with the American workers’ larger series. 
The effective renal plasma flow of Case 1 was 
low ; this particular student was very apprehensive 
and we are inclined to believe his effective renal 
plasma flow was diminished on this account while 
his filtration rate remained normal. 

Discussion 

It was our intention to employ a simple test for 
the study of separate aspects of renal function, and 
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we Jiope this test may be extended for routine 
clinical use. 

The methods already described for the accurate 
measurement of the glomerular filtration rate and 
the effective renal plasma flow have several dis- 
advantages, especially when applied to man. Inac- 
curate collection of urine ^constitutes one of the 
main sources of error. In order to obtain reason- 
able accuracy it is necessary to perform two or 
three serial collections of urine, employing continu- 
ous drainage through an indwelling catheter and 
washing out the bladder at the end of each collec- 
tion period with saline and air. The time of the 
collection period can, of course, be accurately 
measured by a stopwatch. The time devoted to 
the collection of blood and urine samples is con- 
siderable, but three clearances of about 20 minutes 
each can be completed within two hours. Apart 
from the necessity of catheterization, the discom- 
fort to the patient, involving one venepuncture in 
one arm for the infusion, and four venepunctures 
in the other arm, is not excessive. None of our 
patients complained pf undue discomfort, and 
none suffered toxic symptoms from sodium thio- 
sulphate. 

We conclude that the method we have outlined 
employing sodium thiosulphate and p-amino- 
hippuric acid for the measurement of the 
glomerular filtration rate and the effective renal 
plasma flow gives accurate results by means of 
chemical analyses which are within the scope of 
most laboratories. 


Summary 

1. A comparison of inulin and sodium thiosul- 
phate clearances in 10 normal males, and the results 
of the combined test to measure simultaneously the 
glomerular filtration rate, and the effective renal 
plasma flow in three normal males are presented. 

2. Using a continuous drip infusion sodium thio- 
sulphate appears to offer a reliable means for the 
determination of the glomerular filtration rate ; 
it is cheap and non-toxic, and the estimation is 
simple and accurate. 

3. Sodium thiosulphate does not affect the excre- 
tion of sodium p-amino-hippurate. 


We wish to thank those students who volunteered as 
subjects for the tests. We are indebted to Dr. J. S. D. 
Bacon for advice on the estimation of inulin, and to 
Dr. A. Jordan for helpful criticism. Thanks are due 
to Mr. A. F. Nicholls for technical assistance. 
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BACTERIAL FIBRINOLYSES 1 , ITS POSSIBLE 
THERAPEUTIC APPLICATION IN 
TUBERCULOUS MENINGITIS 

BY 

L A. B. CATHIE 

From the Hospital for Sick Children, Great Ormond Street , London 
(RECEIVED FOR PUBLICATION, NOVEMBER 12, 1948) 


A constant feature at autopsy in cases dying 
from tuberculous meningitis, whether treated with 
streptomycin or not, is a gelatinous exudate at the 
base of the brain." Frequently this is found in 
association with, or causing, hydrocephalus, and 
once .the exudate has been formed it is difficult to 
visualize how streptomycin treatment alone could 
achieve its resolution. Even were streptomycin 
able to penetrate and sterilize the exudate the most 
likely end result would be its organization to 
fibrous tissue with an increase in the conditions 
leading to hydrocephalus. 

The known propensity of cerebrospinal fluid 
from cases of tuberculous meningitis to form 
spider’s web clots on standing which give the 
reactions of fibrin, combined with the fibrinous 
nature of the exudate, has led to the consideration 
of other forms of therapy in combination with 
streptomycin which might inhibit fibrin formation 
in the thecal space. Of the possible anticoagulants, 
heparin has received the most attention. The draw- 
back that it forms a deposit with streptomycin may 
be avoided by spaced dosage or by the method of 
St. Hill and others (1948), in which heparin is 
added to streptomycin until no further deposition 
occurs, after which the supernatant fluid is 
removed by decantation. This supernatant fluid 
contains all the' streptomycin used, and heparin 
may be added to it without the formation of a 
deposit. 

Our experience of this combination has been 
disappointing as judged by the results seen in 
several patients at autopsy, and, indeed, although 
it is likely that heparin may prevent the deposition 
of further fibrin it is improbable that it would have 
any effect upon the fibrinous exudate, which pre- 
sumably is already present when the diagnosis of 
tuberculous meningitis is made. For this reason 
some other means was sought which would have 


an action more of a lytic than of a preventive 
nature, and eventually it w T as decided to investigate 
the possibilities of the fibrinolysin produced by 
some strains of bacteria. 

The fibrinolysin produced by pathogenic strains 
of haemolytic streptococci has been examined by 
Tillett and Gamer (1933), Lancefield and Hare 
(1935), Colebrook and others (1935), and by others, 
and a few r preliminary experiments with Group A 
haemolytic streptococci showed that when grown 
in broth they produced varying amounts of a sub- 
stance which w r as capable of lysing human fibrin 
clots. The variability of yield of lysin from dif- 
ferent strains of streptococcus, and even of day-to- 
day cultures from the same strain, wns overcome 
when Dr. C. Lack drew 7 my attention to the strain 
of Strep, pyogenes known as H.64, a strain known 
for its abundant production of fibrinolysin. Since 
then only this organism has been used, and it has 
given consistently good yields of lysin. 

Preparation of Fibrinolysin 

The method of preparation of the lysin has been 
essentially that described by Gamer and Tillett 
(1934). with slight modifications, and consists of 
adsorbing fibrinolysin from a broth culture on to 
aluminium hydroxide, from which it is eluted with 
a phosphate buffer solution. 

Preparation of alumina. — 50 g. of aluminium sul- 
phate (ALSO,), .18 H ; 0 (Willslatter and Kraut, 1924) 
in 150 ml. of distilled water are heated at 55* C. until 
dissolved. 500 ml. of a 15 per cent solution of 
ammonia are warmed to 55*. mixed with the alumina, 
and stirred vigorously for 30 minutes at 55 to 60*. 
The resulting precipitate is washed repeatedly with 
distilled water followed by decantation until no further 
smell of ammonia remains. Usually three or four 
washes are necessary. It is then washed with 100 ml. 
of the ammonia solution to decompose any traces of 
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basic sulphate. The precipitate is finally washed two 
or three times with distilled water and either centri- 
fuged or filtered through a Buchner funnel using No. 1 
Whatman filter paper and negative pressure. Filtra- 
tion is preferred to centrifuging as the resultant paste 
is drier. The alumina is now ready for use. 

Broth culture. — Strep, pyogenes H.64 is heavily 
seeded into 500 ml. of heart digest broth containing 
2 per cent NaCl and 0.05 per cent glucose and incu- 
bated for eighteen hours. Much longer incubation 
does not give appreciably greater yields of fibrinolysin. 
After passage through a clarifying filter the broth is 
ready for adsorption. 

Adsorption and elution of fibrinolysin. — The 
alumina paste is added to approximately 500 ml. of 
the broth culture and the two are agitated together 
' while the temperature is raised to 37 c C. in a water- 
bath. The mixture is maintained at this temperature 
for one hour with frequent stirring. It is then filtered 
through a Buchner funnel, and the deposit, on which 
the fibrinolysin is adsorbed, is washed by resuspen- 
sion twice each in 250 ml. volumes of saline and 
distilled water, removing the fluid after each washing 
by filtration. After the last washing the paste should 
be as dry as possible. 

The deposit is now resuspended in 100 ml. of M / 10 
phosphate buffer solution (35.8 g. Na.HPO* in 950 ml. 
of distilled water, adjusted to pH 7.3 with concen- 
trated HCI, and made up to 1,000 ml.), thoroughly 
stirred, and then incubated at 37° C. for thirty minutes. 
The alumina is then removed by filtration, and the 
fibrinolysin-containing filtrate is finally sterilized by 
means of a bacterial filter. 

Although the first elution contains more lysin than 
do subsequent ones, second and third elutions are only 
slightly less potent and are well worth preparing. 
Later elutions are much weaker than the first few. 
All manipulations of the alumina are facilitated with 
an ordinary household egg-whisk. 

Properties of Fibrinolysin 

The solution prepared by the above technique 
consists of a somewhat variable amount of fibrino- 
lysin in phosphate buffer. Attempts to remove the 
phosphate by dialysis have been unsuccessful. 
When dialysed with a cellophane membrane 
against frequent changes of distilled water there was 
' still phosphate present after two weeks, and there 
was some loss of potency of the lysin. Against 
running tap water a deposit formed in the solution 
which, as the process was accompanied by total 
loss of lytic activity, presumably contained the 
fibrinolysin. 

Assay of fibrinolysin. — Originally clots were 
prepared by the addition of an excess of calcium 
to plasma obtained from routine blood sedimen- 
tation rate samples of blood. In the stronger 
concentrations of lysin, however, the phosphate 


combined with the excess calcium, producing an 
opalescence through which the behaviour of a 
clot was difficult to watch. Further, it was found 
that plasma obtained from different patients gave 
results not invariably repeatable. As an outcome 
of these observations the following method of 
assay has been temporarily adopted. ' 

From the same donor at the same time each day 
0.4 ml. of blood is taken directly into 0.1 ml. of 
3.8 per cent sodium citrate in a B.S.R. pipette, and 
the plasma so obtained is used in a dilution of 1:20 
in saline. To a row of tubes each containing 0.5 ml. 
of diluted plasma are added one drop of thrombin 
solution (containing approximately 4 units ^ of 
thrombin) and 0.5 ml. of serial dilutions of fibrino- 
lysin. In the higher strengths of lysin no clot may 
appear, while in the greater dilutions a clot is formed 
within about two minutes, which is lysed in a period 
of time which lengthens as the lysin is more dilute. 
Either the end-point may be taken as the dilution of 
fibrinolysin which inhibits clot formation, or the tubes 
may be incubated at 37° C. for one hour, -the end point 
being in that tube which has completely lysed the clot 
in this period. It is essential to include a control clot 
with saline, as occasionally the naturally occurring 
plasma fibrinolysin (Macfarlane and Pilling, 1946) will 
lyse the clot formed in it. 

Not all preparations of lysin prevent visible 
clot formation, although the first elution from 
aluminium hydroxide is more likely to ’have this 
property than the later ones. For this reason the 
dilution capable of lysing, a standard clot in one 
hour gives a more precise figure for comparison 
of potency with other batches of fibrinolysin. 

Typical figures for such a titration of lysin are: 


Dilution 
of lysin 


4 

i 8 

12 

16 

1 

20 

24 

28 

Time for 
clot to lyse 
in minutes 

Batch 

A 

! 

i 

3 

7 

19 

45 

1 



B i 

Jnc 

NCi 

i 

3 i 

S i 

21 

49 

115 


NC — No clot seen. 


In these examples the end point was taken as th e 
dilution capable of dissolving its clot in one-hour, 
and with batch A it was 16, while with B it was 24. 
Batch B was therefore arbitrarily assumed to be 
24/16 as potent as batch A. Adjustments of 
potency may be made either by dilution with dis- 
_ tilled water or by concentration by low tempera- 
ture distillation. 

Preparations of fibrinolysin vary in potency 
within considerable limits, although obtained by 
exactly the same method, so that some form of 
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comparable assay is essential. Of successive elu- 
tions from the same alumina the fifth elution is 
usually about one-tenth as strong as* the first. 

Method of action. — A preparation of fibrino- 
lysin was taken which permitted the initial forma- 
tion of a clot in' all dilutions with the standard 
plasma and thrombin. The time for clots to form 
and disappear was carefully noted. Then plasma 
and lysin were incubated together for 30 minutes, 
after which thrombin ‘was added and the appear- 
ance and disappearance of clots were timed. Simi- 
larly thrombin and lysin were incubated, plasma 
was added, and clot behaviour was timed. In both 
these experiments the times for appearance and 
disappearance of the clots were the same as when 
plasma, thrombin, and lysin were added simul- 
taneously. They were taken to indicate that lysin 
has no effect upon either thrombin or fibrinogen, 
and that when fibrinolysin is present in sufficient 
strength to prevent visible clot formation it is able 
to dissolve the clot as it is formed. 

By varying the amounts of plasma or lysin in 
methods of assay, the action of the lysin can be 
shown to be quantitative. 

Specificity of fibrin olysin.--It has been said 
(Tillett and Garner, 1933) that many strains of 
Strep . pyogenes produce a fibrinolysin specific for 
human fibrin. The fibrinolysin under discussion, 
however, will dissolve fibrin clots prepared from 
rabbit, mouse, and guinea-pig plasma, although 
the period is slightly longer than with human 
fibrin. The only failure has been with plasma from 
a guinea-pig with a heavy tuberculous infection. 

Stability of fibrinolysin. — The remarkable 
stability of fibrinolysin has been emphasized by 
Garner and Tillett (1934). As judged by the time 
taken to lyse a standard clot there is no loss of 
potency after incubation at 37° C. for 14 days. 
Similarly, after heating for 45 minutes at 95° C., 
followed by storage in the cold, at room tempera- 
ture, or at 37° C., there is no loss of activity in 
14 days. Activity is completely destroyed by auto- 
claving for one hour at 15 lb. pressure and by acid 
hydrolysis. 

Therapeutic Application 

Several pieces of fibrinous exudate were taken 
from the base of the brain of cases dying of tuber- 
culous and coliform meningitis and subjected to 
the action of undiluted fibrinolysin. In each case 
lysis of the exudate occurred in from two to seven 
days, depending upon the amount of exudate used. 
In the tuberculous cases a very 7 fine mesh of fibrous 
tissue was left. As controls pieces of brain and 


normal meninges were used, and these remained 
unaltered after incubation for a month. 

Clots formed on standing in the cerebrospinal 
fluid from many cases of tuberculous meningitis 
were incubated with fibrinolysin with disappoint- 
ing results. In a few cases lysis took place, but 
in many no effect was seen, contrasting markedly 
with the lysis obtained with control clots prepared 
from plasma. In view of the good results frith 
the post-mortem exudates, however, it was 
decided to investigate the clinical application of 
fibrinolysin. 

1 ml. of a trial batch of fibrinolysin was injected ^ 
into each of six normal thecas, and gave rise to 
cell counts of 500-800 polymorphs and protein 
rises of 0-10 mg. after 24 hours. This effect is 
similar to the pleocytosis and protein rise caused 
by streptomycin in a normal theca. 1 ml. of phos- 
phate buffer without fibrinolysin was given into a 
normal theca and no alteration was seen in the 
cerebrospinal fluid after 24 hours, indicating that 
the irritant effect was due to the fibrinolysin and 
not to the phosphate. Many injections have been 
made intrathecally in cases of tuberculous mening- 
itis, and usually a small increase in the existing 
cell count has been seen after the first three or 
four injections, again similar to the effect of 
streptomycin. In a typical case the cells rose from 
200 to 280 per c.mm. 24 hours after fibrinolysin 
had been injected. After fibrinolysin had been 
given for four days no further increase in the cell 
count was seen, the greatest count being 390. 
Thereafter the cell count fell steadily, and the 
fibrinolysin appeared to have no adverse effect on 
it. The cell response was polymorph in type, and 
reversion to the original 95 per cent lymphocytosis 
was seen after two weeks. 

Both the hydrochloride and calcium chloride 
complex of streptomycin produce a deposit with 
fibrinolysin in phosphate buffer, much as they do 
with heparin. But a mixture of the fibrinolysin 
solution and streptomycin sulphate remains clear, 
and only this salt has been used. 

The variability of different preparations of 
fibrinolysin has been noted, and one particular 
yield, while not being outstandingly lytic, caused 
gross increases in the cerebrospinal fluid cell count 
of the two patients to whom it was given, one count 
rising from 300 to 2,000 per c.mm. in 24 hours. 
No sequelae to the reactions were seen, but the 
batch of fibrinolysin was immediately withdrawn 
and another substituted for it. No other batch has 
had this toxic effect 

As the result of trial and error the amount of 
fibrinolysin to be used therapeutically has been 
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chosen as 100 times the amount capable of lysing 
the standard clot in one hour. Thus, when a prep- 
aration lyses clots in a dilution of 1 : 200, 0.-5 ml. 
are given diluted with the dose of streptomycin 
and 5-10 ml. of normal saline. When the strength 
of the fibrinolysin is less, proportionately greater 
amounts are given. With regard to frequency 
of administration, some cases have been given 
fibrinolysin intrathecally every time the strepto- 
mycin was given, while other cases have received 
it daily for the first fortnight of treatment only. 
Fibrinolysin has been given by the lumbar route, 
intracysternally, and into the lateral ventricles 
without apparent ill-effect. 

Discussion 

With regard to the various ways of demonstra- 
ting potency, both absolute and relative, of different 
yields of fibrinolysin, the following quotation from 
Macfarlane (1948) seems apposite: “The real or 
imaginary components of a theoretical mechanism 
can be separated to the investigator's satisfaction 
with little difficulty and allowed to interact in 
endless permutations and combinations. Each 
experiment suggests another ; always the intangible 
solution seems just within reach and the experi- 
menter is led deeper and deeper into his own, often 
unjustified, interpretations of his findings.” With 
this observation in mind, only the crudest method 
of assay is mentioned here, and the many experi- 
ments carried out with varying amounts of com- 
ponents have been omitted. 

Twelve batches of 100 ml. of fibrinolysin have 
now been prepared, and while no two batches have 
been strictly comparable in strength there has been 
a gradual increase of potency over the series. 
Thus, in the first batch prepared activity was 
demonstrable only at a dilution of 1 : 20, batch 12 
was active with the same clot at 1 : 320, while the 
activity of the remaining batches fell between these 
figures. The one toxic batch prepared was dis- 
carded with its toxicity unexplained ; it was bac- 
teriologically sterile, and with the same operators, 
material, and apparatus for every batch prepared 
no useful line of investigation suggested itself. 

It is unlikely that fibrinolysin prepared^ by this 
method does not contain varying amounts of other 
streptococcal toxins. Some of these may be 
destroyed by heat without detriment to the 
fibrinolysin, but as the preparation seems to' have 
so little deleterious effect on tuberculous meninges 
this step has not been thought necessary. 

An interesting and disappointing observation 
has been the infrequency with which fibrinolysin 
has been able to lyse the fibrin clots formed on 
standing in the cerebrospinal fluid from tuber- 


culous meningitis, while control plasma clots are 
lysed. Such cerebrospinal fluid has been tested 
without success for evidence of antifibrinolytic 
activity. The observation,. taken with the failure to 
lyse plasma clots from a tuberculous guinea-pig, 
suggests that there may be some qualitative differ- 
ence between normal fibrin and that in tuber- 
culosis, although the meningeal exudate is fairly 
readily lysed. 

Fibrinolysin has been used almost entirely for 
tuberculous meningitis, but its possibilities in other 
conditions with undesirable fibrin deposition have 
not been overlooked. In plastic peritonitis and 
pneumococcal empyema, for example, it might 
have a therapeutic place, and such cases are being 
investigated as they are encountered. It is possible, 
too, that more potent, or more specific, fibrinolysin 
may be obtained from organisms other than the 
streptococcus, but as yet only this organism has 
been used. 

As with the treatment of tuberculous meningitis 
with streptomycin alone, a long period of observa- 
tion will be necessary to evaluate the efficacy of 
fibrinolysin as an adjuvant in this condition. 
Several cases have been under treatment with it 
for varying periods of time as yet too short to 
warrant any other conclusion than that it may be 
given intrathecally without danger, and that pre- 
liminary results have been sufficiently encouraging 
to justify an extended trial of the preparation. 

The term fibrinolysin is used here to denote the 
bacterial product in the presence of which lysis of 
a fibrin clot occurs. It is probable that this lysis 
depends upon a compound enzyme system and 
that the bacterial factor is an activator of pro- 
fibrinolysin, or plasminogen (Lack, 1948). 

Summary 

The preparation and assay of fibrinolysin from 
haemolytic streptococci are described. 

Investigation of some of its properties and mode 
of action are outlined. 

The therapeutic possibilities of fibrinolysin, par- 
ticularly with regard to tuberculous meningitis, are 
briefly indicated. ' . 

I wish to thank Mr. G. \Y. Cecil for much pains- 
taking technical assistance. 
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REVIEWS 


Post-mortem Appearances. By Joan M t Ross, M.D., 
B.S. (Lond.), M.R.C.S., L.R.C.P. Advisor in Pathology 
to the Ministry of Supply. Late Reader in Pathology. 
University of London; Morbid Anatomist to Royal 
Free Hospital; Assistant Pathologist to St. Mary’s 
Hospital. Fifth Edition. 1948. London: Geoffrey 
Cumberlege. Oxford University Press. Pp. 30S. 
Price 8s. 6d. 

This book, which has enjoyed popularity for over 
twenty years, needs no introduction. The new edition, 
of similar' external and internal appearance to its pre- 
decessors, has been revised and brought up to date by 
the inclusion of certain pathological conditions upon 
which the recent war- has shed highlights, for example 
traumatic uraemia, starvation (shades of Belsen!) and 
fat-embolism, where Robb-Smith’s test is conveniently 
described. But if it be decided (p. 121) to include the 
rickettsial diseases, why hot some of the other infections 
encountered abroad? 

A few suggestions and criticisms are added for the 
sixth edition. The weight of the thymus (p. 290) does 
not decrease after the second year, but after puberty. 
The atrophy of the suprarenals in Addison’s disease 
(p, 193) is not “ simple,” as in Simmonds’ Disease, but 
of a toxic character. In the section on the anaemias it 
would be helpful, by way of introduction, to indicate 
- the normal amount and distribution of haemopoietic 
marrow in the femur, and its variation with age. Lastly, 
in the gloriously simplified gliomas, for “ astroblastic ” 
read “astrocytic”; the “ spongioblastic glioma” 
(presumably multiforme) infiltrates, and is very rarely so 
circumscribed as to suggest encapsulation. 

The section on still births and neonatal deaths is 
particularly useful. 

Dorothy S. Russell. 


Practical Section Cutting and Staining. By E. C. 
Clayden, F.I.M.L.T., Senior Technician in the Morbid 
“ Histology' Department of the Bland-Sutton Institute of 
Pathology, The Middlesex Hospital, London. 1948. 
London: J. and A. Churchill, Ltd. Pp. 129. Price 9s. 

This manual is designed for beginners in histological 
technology who arc preparing for the I.M.L.T. examina- 
tions. It tells them how to master the various embedding 
methods, microtomes, and staining techniques that are 
essential in their training. The writer is obviously' well 
versed in his craft and competent to guide the tyro 
round the various pitfalls of section -cutting. The arti- 
facts (Figs. 10 and 1 1) known, apparently, as “ scones ” 
and “ chatters ” respectively arc all too familiar to 
microscopists: it is satisfactory' to find their causes listed 
with a view to their elimination. 

While it is recognized that different tastes for various 
procedures may obtain in different laboratories, it is 


suggested (p. 43) that the picric acid method for the 
removal of formalin pigment from sections is preferable 
to the use of strong alkali which tends to brine sections 
off the slide. In a future edition it would be desirable to 
add methods for the demonstration of chromaffin tissue 
and Golgi apparatus; also the Marchi technique for 
degenerating myelin. In the staining of fatty substances 
the Schultz, Nile-blue sulphate, and Lorrain-Smith 
Dietrich methods might usefully be added. 

In offering these suggestions the reviewer acknowledges 
the helpful comments of senior technicians in her own 
laboratory, who are' in agreement that the work will 
meet a real need. ^ 

Dorothy S. Russell. 


Die konstitutionellen Vergrbsserungcn umschriebcner 
Korperabschnitte. By Prof. Dr. Ferdinand Adalbert 
Kehrer, Director of the Psychiatric and Neurological 
Clinic of the University of Munster (Westf.). Stuttgart: 
Georg Thieme Verlag, 1948. Pp. 293, with 56 figures. 
Price, bound, DM 28. 

Under the heading “Constitutional Enlargements of 
Circumscribed Parts of the Body” the author has 
discussed the nature, characteristic features, classification, 
terminology, and differential diagnosis of a great host of 
constitutional and developmental, often hereditary’* 
dvsplastic, hyperplastic or hypertrophic or redundant 
abnormalities of growth. Some of the corresponding 
hypoplastic abnormalities, such as Iipodystrophia, he has 
also referred to in order to elucidate the subject, but he 
says that he hopes to deal with these thoroughly in a 
second part of the book. In regard to the rarity' of some 
of the condition^ which he has considered, he points out 
that the scientific importance of constitutional and 
developmental anomalies does not depend on their 
frequency’. In regard to explanatory theories he asks 
whether a writer ought to put forward more suggestions 
than can be well supported. 

The above remarks arc sufficient to point out that this 
book, with its wealth of references, should find a place 
in every general medical library. The conditions dealt 
with include hereditary’ elephantiasis, so-called troph- 
oedema, circumscribed obesity', lipodystrophia, adiposis 
dolorosa, crythrocyanosis frigida crurum femmarum, 
acrocyanosis, clubbed fingers, hypertrophic osteo- 
arthropathy', various local circumscribed enlargements 
or giganlisms, including gynaccomastia, and very' many 
other conditions (described or referred to in discussion!) 

We hope that the author’s monograph will stimulate 
general interest in the subject, and that a second edition 
will appear, as well as his promised Part II. An index 
would be advisable, if possible. 


F. Parkis Weber. 
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ABSTRACTS 

This section of the Journal is published in collaboration with the two abstracting journals , 
Abstracts of World Medicine , and Abstracts of World Surgery , Obstetrics and Gynaecology , published 
by the British Medical Association . In jhis Journal .sw/ze <?/ the more important articles on subjects 
of interest to clinical pathologists are selected for abstract , and these are classified into four sections : 
bacteriology ; biochemistry ; haematology ; and morbid anatomy and histology . 


BACTERIOLOGY 

A Clinical Evaluation of a Recent Sulfonamide : Nu-445. 
Rodgers, R. S., and Colby, F. H. (1948). J. Urol , 
59, 659. 

The authors have used the new sulphonamide, 
"Nu-445” (3,4-dimethyl-5-sulphaniIamido-isoxazoIe) in 
20 cases of urinary infection caused by Gram-negative 
organisms, chiefly Bacterium coli , Proteus vulgaris , and 
Pseudomonas pyocyanea. By in vitro experiments, they 
found that the drug was most effective at a pH of between 
7 and 8. The urine of all patients was therefore rendered 
alkaline during^the treatment by the administration of 
sodium citrate. The usual daily dose of Nu-445 was 
4 g., but some patients received 8 g. and others even 12 g. 
daily. There was no response in 13 cases, but 7 showed 
definite improvement. There appeared to be no relation 
between the levels of the drug in blood or urine and’ the 
clinical results. Thomas Moore . 

Treatment of Persistent Colon Bacillus Infections of the 
Urinary Tract by Sulfasuxidine and Streptomycin. 
CrowleV, E., and O’Conor, .V. J. (1948). Surg . 
Gyttec. Obstet ., 86, 224. 

The authors conclude that there is “an unusual 
efficacy” in the combined administration of sulphasuxi- 
dine and streptomycin in otherwise resistant bacillary 
infections of the urinary tract. 

Administration of Chloromycetin to Normal Human 
Subjects. Ley, H. L., Smadel, J. E., and Crocker, 
T. T. (1948). Proc . Soc. exp. Biol., N.Y . , 68, 9. 
Chloromycetin in the Treatment of Patients with Typhus 
Fever. Smadel, J. E., Leon, A. P., Ley, H. L., and 
Varela, G. (1948). Proc . Soc. exp. Biol., N.Y . , 68, 12. 
Two normal male subjects received a prolonged course 
of Chloromycetin beginning with a single dose of 1 g., 
followed by 1 g. daily (divided into 0.2 g. doses 4-hourly) 
for 10 days. The amounts of the drug in blood and 
urine were determined by a method in which the inhibi- 
tion by the antibiotic of the growth of Shigella para - 
dysenteriae (Sonne) is measured. Maximum levels of 5 
to 10 pg. per ml. were obtained in blood within 2 hours of 
the initial dose, this level falling rapidly until none was 
detectable at S hours. Maximum levels in urine of about 
200 pg. per ml. were obtained. 

On the results obtained in a limited number of cases 
it is concluded that Chloromycetin is relatively safe in 
the dosage employed; the results were sufficiently 
encouraging to warrant further clinical trials. 

R. IVien. 

Fibrin Web Culture of Tubercle Bacilli from Exudates in 
So-called Idiopathic Pleurisy. (Die Fibrinspinn- 
gcwcbshautchen-kultur von Tubcrkclbazillen . aus 
Exsudatcn bci sog. idiopathischen Plcuritiden.) Sula, 
L. (1947). Schweiz. Z. Path. Baku, 10, 125. 


The author describes a method of culturing tubercle 
bacilli from the fibrin web of pleural exudates, so that up 
to 300 ml. of exudate may be examined in a single culture. 
An ascitic fluid nutrient medium is used, and the culture 
sealed. Colonies of tubercle bacilli can be seen in the 
fibrin web after 14 to 20 days’ incubation. By this 
method tubercle bacilli were grown from 23 out of 47 
cases of so-called idiopathic pleurisy. 

Primary Atypical Pneumonia. A Report of 112 Cases 
with a Positive Cold Agglutination Reaction. (In 
English.) Laurell, G. (1948). . Acta mod. scand., 130, 
299. 

The author studied 1 12 patients with suspected primary 
atypical pneumonia who showed a positive cold agglu- 
tination reaction, of a titre of at least one-eighth to one- 
sixteenth, during convalescence after it had been negative 
in the acute stage, or who. showed a rising titre in con- 
valescence. The earliest positive cold 'agglutination 
reaction was obtained from the eighth to the twenty- 
eighth day, the majority occurring in the second and 
third weeks. The highest titre occurred from the tenth 
to the twenty-eighth day and the first significant drop 
between the third and fifth weeks. The titre was not 
related to the maximum temperature but showed some 
correlation with the duration of fever and the white cell 
count. J. Maclean Smith. 

Some Virus Diseases During Pregnancy and Their Effect 
on the Foetus. (Nagra virussjukdomar under graviditet 
och deras verkan pa fostret.) Gronvall, H., and 
Selander, P. (1948). Nord. Med., 37, 409. 

The authors conclude that rubella, mumps, infective 
hepatitis, and anterior poliomyelitis may injure the foetus, 
though rubella in this respect may be much less dangerous 
in Sweden than it seems to be in Australia; in the latter 
country it has been suggested that rubella early in preg- 
nancy is an indication for inducing abortion. 

[See also Landtman, Arch. Dis. Childh ., 1948, 23, 237, 
who found that in a series of 73 mothers giving birth to 
malformed children, 12 had had infectious diseases 
during the first three months of pregnancy.] 


BIOCHEMISTRY 

Differential Agglutination of Normal and Sensitized 
Sheep Erythrocytes by Sera of Patients with Rheuma- 
toid Arthritis. Rose, H. M., Ragan, C., Pearce, E., 
and Lipman, M. O. (1948). Proc. Soc. exp. Biol . , 
N.Y., 68, 1. 

An agglutination test is described which is specific for 
active rheumatoid arthritis. A 1 % saline suspensjon of 
sheep erythrocytes is prepared from fresh defibrinated 
sheep blood by washing the cells 3 times in saline, 
centrifuging, and resuspending. A similar 1 % suspension 
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of erythrocytes sensitized by the addition of anti-sheep 
rabbit serum is prepared, 2 units of haemolysin being 
used. With each of these 2 suspensions, 1 plain and 1 
sensitized, the. patient’s fresh serum (inactivated by 
heating at 56° C. for 30 minutes) is titrated. After 
incubation at 37^ C. for 1 hour the tubes are left in a 
refrigerator at 4° C. overnight; the end-point is read 
immediately after removal from the refrigerator by 
tapping the" tube with the finger and estimating the degree 
of agglutination. 

In 27 cases of active rheumatoid arthritis the D.A.T. 
was 16 or more; in 8 of 16 cases of inactive rheumatoid 
arthritis the D.A.T. was over 16; in 2 cases of active 
Still’s disease the titre was 128, and in 1 in remission the 
- titre was 4.1 The only I of 5 cases of ankylosing spondy- 
litis with peripheral joint involvement was also the only 
one in which the D.A.T. exceeded 16. In other diseases, 
including rheumatic fever, infectious mononucleosis, and 
other forms of arthritis, tit res we re' low. Thus the test 
appears to be specific andTelated to activity of the disease. 

Plasma Proteins in the Normal Newborn Infant. (La 
protidemia del neonato normale.) Brusa, P. (1948). 
A fed. Ual. t Milano , 28, 65. 

The author reports on plasma-protein determinations 
in 18 normal, full-term, newborn infants. The subjects 
of the investigation were all healthy and breast-fed. 

Determination at the age of 3 to 4 days yielded the 
following results: total plasma protein average 6.43 g. 
per 100 ml. (range 5.94 to 6.94); albumin average 3.71 g. 
per 100 ml. (range 3.12 to 4.14); globulin average 2.78 g. 
per 100 ml. (range, 2.22 to 3.64). A comparison with 
corresponding values for adults shows that total protein 
and albumin figures are lower while globulin figures are 
higher than the average adult levels.. Determinations at 
16 to 17 days gave the following results: total protein 
average 6.0S g. per 100 ml. (range 5.34 to 6.56); albumin 
average 3.40 g. per 100 ml. (range 3.04 to 4.00); globulin 
average 2.79 g. per 100 ml. (range 2.10 to 3.30). 

Hypo-albuminacmia is probably and principally a 
manifestation of hepatic immaturity and functional 
incapacity to manufacture plasma proteins. The large 
amounts of antibodies of maternal origin present in the 
newborn infant and associated with the globulin fraction 
of the plasma proteins may be responsible for this 
initial hyperglobulinacmia. 

[C. Smith, The Physiology of the Newborn Infant , 
Springfield, 1946, pp. 179-200, and 286, states that the 
hypoprotcinacmia of the newborn infant is essentially the 
result of globulin deficiency, and gives various references.] 

P. E. Polani. 

The Guterman Test for Pregnancy. Merivale, \V. H. H. 

(194S). Brit. mcd. 1, 6S5. 

The Guterman Test in Threatened Abortion. A Report 

Based on 100 Consecutive Cases. Bender, S. (1948). 

Brit. mcd. J., 1, 6S3. 

Both authors conclude that this test is unreliable as a 
routine test for the diagnosis of pregnancy'. In 33 
patients with ^ threatened abortion the first author 
obtained a positive test in 20, and of these 17 continued 
their ‘pregnancy, whilst of 13 with negative results 11 
aborted. The second author claims that if cases of 
threatened abortion arc treated with progesterone only 
if the excretion of the hormone is low, abortion will 
occur only in IS per cent. If no such division is made 
41 per cent will abort if no progesterone is used and 
45 per cent if it is used indiscriminately in all cases. 


The Renal Excretion nf Potassium, Muuot, Cr. H. 

Foulks, J., and Gilman; A. (1948). Proc . Soc. exp. 
. Biol. , N.Y . , 67, 545. .. 

With a urea diuresis, potassium clearances were 5 to 
10% above creatinine clearances and, at a diuresis with 
minute volumes of 18 to 35 ml., clearances were as much 
as 80 to 90% above creatinine clearances.' The effect of 
alkalosis was studied in dogs receiving ‘ potassium 
chloride by intravenous infusion; in these animals 
potassium clearances were greater than the filtration 
rates. It is concluded that tubular secretion of potassium 
does occur. G. Loewi. 


HAEMATOLOGY 

Hlsfochemical Methods Applied to Hematology'. Rhein- 
gold, J. J., and Wislocki, G. B. (1948). Blood, 3, 641 . 

This paper is a good review of how histochemical 
methods are being applied to blood cells. The specific 
reactions with Sudan black B, Feulgen’s reagent and 
ribonuclease, and Gomori’s procedure for phosphatases 
and the Bauer-Feulgen test for glycogen are considered. 

Studies on the Megakaryocyte. I. The Normal Granulo- 
poiesis of the Megakaryocyte. Schwarz, E. (1948). 
Arch. Path., 45, 333. 

The development of granules in megakaryocytes is a 
sign of a cell’s increasing maturity, as it is with the 
polymorph series. The staining reaction of the granules 
is not that of chromatin; and the nucleus plays no part 
in their formation. 

In Vitro Study of Bone Marrow. III. Erythropoiesis in 
vitro of Sternal Marrow' from Cases of Pernicious 
Anemia and Lymphatic Leukosis Under Therapy. 
Clemmesen, J., Espersen, T., and Plum, C. M. (1948). 
Blood , 3, 155. 

Using Locke’s fluid with the addition of 1 % serum the 
authors have studicd_the development of non-nucleated 
erythrocytes in their marrow cultures. They found that 
normal marrow' produced less erythrocytes when serum 
from a case of pernicious anaemia was used in the culture 
medium than when normal serum was used, and that the 
pernicious anaemia marrow' was more active in normal 
serum than in autogenous serum. After treatment with 
liver extract there was a return to normal. Marrow and 
serum from two patients with lymphatic leukaemia 
behaved in the same way. The leukaemic marrow was 
more active in normal scrum, and the serum retarded the 
development of erythrocytes in normal marrow. 

Temporary Remissions in Acute Leukemia in Children 
Produced by Folic Acid Antagonist, 4-Amino-ptcroyI- 
glutamic Acid (Aminoptcrin). Farber, S., Diamond, 
L. K., Mercer, R. D., Sylvester, R. F., and Wolee, 
J. A. (1948). New Engl. J . Med., 238, 787. 

Ten out of 16 children improved both clinically and 
hacmatologically when aminoptcrin w-as administered, 
and details of five who responded well are given. One 
patient remained well for as long as 43 days, but the 
remissions arc not expected to be more than "temporary. 
The drug is a dangerous one and has a marked depressive 
effect on all the cells in the bone marrow, and great 
caution is necessary in its administration. Severe 
stomatitis is a common toxic manifestation. 
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Preliminary Results of Treatment of Acute Loueoscs by 
Exsanguination-transfusions. (Premiers resultats du 
traitement des leucoses aigucs par les exsanguino- 
transfusions.) Croizat, P., Revol, L., Durand, J., 
Chabanon, R., and Morel, — . (1948). Lyon nwd., 
180, 477. 

A report is given of 5 patients with acute leukaemia 
treated by exsanguination transfusion. In each case the 
blood and bone marrow picture became almost normal. 
The longest remission lasted for about 3 months. 

Rapid Test for the Demonstration of Sickle Cells and its 
Clinical Significance. Singer, K., and Robin, S. 
(1948). J . Amor. mod. Ass., 136, 1021. 

A suspension of B. subtilis is mixed on a slide with the 
blood to be tested and the scaled preparation incubated 
at 37° C. Reduction in oxygen tension by the respiration 
of the bacteria rapidly causes sickling in the presence of 
the sickle-cell trait. 

Studies in Iron Transportation and Metabolism. VI. 
Absorption of Radioactive Iron in Patients with Fever 
and with Anemias of Varied Etiology. Dubach, R., 
Callender, S. T. E., and Moore, C. V. (1948). Blood , 
' 3, 526. 


MORBID ANATOMY AND HISTOLOGY 

Necrosis of the Brain due to Radiation Therapy. Penny- 

backer, J., and Russell, D. S. (1948). J. Neurol. 

Ncurosurg. Psychiat., 11, 183. 

Five cases of necrosis of the brain following radiation 
therapy are reported. They were treated in different 
centres with accepted techniques and dosages. In each 
case there was a long latent period between the radiation 
treatment and the onset of clinical signs of necrosis. The 
shortest interval was 9 months, the longest 5 years. The 
pathology of the necrosis appears to be related to 
reactions in the smaller blood vessels, in which collage- 
nous thickening, fibrinoid necrosis, and thrombosis are 
conspicuous. It is suggested that radiation should be 
reserved for inoperable tumours and those cases in which 
no further surgical procedures are contemplated. 

Myoepithelial Sweat Gland Tumor : Myoepithelioma. 

Report of Three Cases with a Review of the Literature. 

Lever, W. F. (1948). Arch . Derm . Svph ., Chicago , 57, 
332. 

It is suggested that the group of benign sweat-gland 
tumours in which the myoepithelial cells represent the 
majority of the cellular elements should be called 
“myoepitheliomata.” The paper deals with the occur- 
rence of myoepithelial cells in many types of sweat-gland 
tumour, with reports of 12 cases of myoepitheliomata 
abstracted from the literature of the subject, and with 
details of 3 observed cases. There is a discussion on the 
classification of apocrine gland tumours. 

“Rnsnliomata** of Spicgler. (Basaliomc vom v Typus 

“Spieukr”) Greithfr, A, (1948). Arch. Derm. 

Syph~ H'/Vn, 187, 224. 

The various synonyms are discussed (cylindroma, 
basal-cell epithelioma, multiple benign epithelioma, 
trichobasalioma), and the term basalioma (Spicgler) is 
suggested as being more correct pathologically. His- 
tologically. the structure of the tumours resembled that 


of hair follicles, but there was not enough evidence to 
show that the growths originated from the latter. A 
feature in one case was the presence of the so-called 
mixed parotid tumour, but no actiological connexion was 
thought likely. None of the cases reviewed by the 
author, including his own 2 cases, showed definite 
malignant changes. G. )V. Csonka. 

Myxoma, the Tumor of Primitive Mescnchvme. Stout, 
A. P. (194S). Ann. Surg. y 127 , 706. 

The author defines a myxoma as a true neoplasm 
composed of stellate cells set in a loose mucoid stroma 
through which course very delicate relieulin fibres. 
Denser areas with larger numbers of spindle cells and less 
mucoid material may be encountered in a myxoma, but 
the presence of recognizable differentiated cells, such as 
chondroblasts, lipoblasts, or rhabdomyoblasts, rules out 
the diagnosis. Myxomata do not metastasize, but may 
kill by pressure or direct spread into vital organs. Using 
these criteria, the author found 49 myxomata in the 
records of the surgical pathological laboratory of 
Columbia University. Over 100 cases of myxomata 
involving the heart, and another 95 excluding the heart, 
have been found in the literature. The common sites for 
myxomata arc the heart, the subcutaneous tissues, the 
bones (especially the jaws), the urogenital tract (usually 
the bladder), and the skin. The sex incidence is about 
equal, the age incidence from infancy to Senility, and the 
size very variable. The average duration of the tumour 
has been 4 years, the actual durationrangingfrom2 weeks 
to 37 years. A pre-operative biopsy is advocated. 

Tlie paper includes six well-illustrated case reports. 

R. S. Handley. 

Allergic Hyperglobulinosis and Hyalinosis (Paramyloido- 
sis) in the Reticulo-endothelial System in Boeck’s 
Sarcoid and Other Conditions. A Morphologic 
Immunity Reaction. Teilum, G. (194S). Amur. J. 
Path., 24,389. 

Hypcrglohulinenna, Periarterial Fibrosis of the Spleen, 
and the Wire Loop Lesion in Disseminated Lupus 
Erythematosus in Relation to Allergic Pathogenesis. 
Teilum, G. (194S). Amor. J. Path.. 24, 409. 

Periarterial fibrosis -of the spleen and lymph nodes, 
such as was first described by Libman and Sacks in 
disseminated lupus erythematosus, occurs also in Boeck’s 
sarcoid. It is associated with the increase in y globulin 
in the blood which exists in both diseases. The lesion 
is due to the accumulation of hyalin (in concentric rings), 
and results from the precipitation of the abnormal 
globulin. Hyalin (or pre-hyalin) is also found in relation 
to the granulomatous foci, and in the early stages of its 
formation may be mistaken for caseous material. The 
abnormal globulin in states of hyperglobulinosis is 
formed by plasma and other cells of the rcticulo-cndo- 
thelial system, and these cells were often increased in 
the vicinity of the hyalin. 

In the second paper the author maintains that the 
diffuse lesions (such as the periarterial fibrosis of the 
spleen, and wire-loop lesions of the glomeruli) are not 
the result of widespread degeneration of collagen but arc 
due to an infiltration with hyalin. He believes that the 
hyalin is formed by precipitation of globulin, which is 
present in excess. He regards the hyperglobulinosis as 
indicating a state of hyperimmunity, and as “allergic,” in 
the wider use of the term. D. M. Prvcc . 



AND KURLOFF 


CORRECTIONS 

The following errors occurred in the article by J. V. Dade and 
J. C. White on “ Erythropoiesis with Particular Reference to its iY OF 

Study by Biopsy of Human Bone Marrow” in the February, XS 

1949, issue, Vol. 2. 

On Plate IV the legend to Fig. 3 has been omitted, and should 
read: 

Fig. 3 shows primitive cells and maturing cells, some of them 
megal oblasts; also cells with pyknotic nuclei and degenerating on 

cytoplasm. 

On page 27, second column, all the references to Plate III 0 

should have been to Plate IV. 
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mucoprotein or glycoprotein in the cytoplasm of 
plasma cells and reticulum cells, in Russell bodies, 
and in'* the KurlofI' bodies of guinea-pig lympho- 
cytes. The work is based on the observation that 
the cytoplasm of a proportion of plasma cells 
stains pink by the periodic-acid-Schiff technique 
of McManus (1946, 1948) and Hotchkiss (1948), 
which demonstrates polysaccharides in the tissues. 
From the cytoplasm of plasma cells to Russell 
bodies in plasma cells *is a logical step, while 
Kurloff bodies and Auer bodies in human myelo- 
blasts were examined on account of a suggestion 
by Downey (1938) that all three are possible 
homologues. 

Russell -Bodies 

The development of intracellular acidophil 
hyaline bodies, now known to take place in 
plasma cells, has been recognized since 1890 
when William Russell, then pathologist to the 
Edinburgh Royal Infirmary, first described them 
as the “characteristic organisms of cancer.” He 
regarded them as fungi, and for their demonstra- 
tion used eosin and logwood or carbol fuchsin 
and iodine green. Russell examined a large 
variety of tissues and came to the conclusion that 
the acidophil bodies were not found in degenera- 
tions or in typhoid, tubercle, or inflammatory pro- 
cesses in general. Exceptions to this rule he found 
in gummata and in a case of “ gelatinous degenera- 
tion of the knee joint ” Simple tumours did not 
contain the bodies ; but he found numerous 
examples in a wide variety of malignant growths. 
He noted their distribution especially in the small 
round-cell infiltration in the margin of cancers 


i says, in little clusters of two, 
up to twenty or more, nnd 
tins iaigvi are held together by a delicate 

cementing substance which stains faintly.” 

Since then many views have been expressed as 
to the precise nature of Russell bodies and three 
main theories have been evolved. First, Downey 
(1911), Kingsley (1924), and others regard the 
bodies as pathological secretions or as aggrega- 
tions of the normal secretions formed as the result 
of degeneration in the parent plasma cell. Sub- 
sequently, it is thought, death of the parent cell 
liberates the bodies into the tissues. Secondly, 
Iordan and Speidel (1929) and Dawson and Masur 
(1929) regard the cells which contain Russell bodies 
as haemocytoblasts which have failed to transform 
in the normal manner into erythrocytes or granulo- 
cytes. Thirdly, Michels (1935) considers that the 
bodies are red blood corpuscles which have been 
taken up by phagocytic plasma cells. 

A review of the literature shows that there is 
some tendency to refer to Russell cells instead of 
Russell bodies. It is suggested that the latter is the 
better term, for two reasons. First, Russell him- 
self described bodies and not cells, and, secondly, 
the parent is now r known to be the plasma cell, 
and whatever the true origin of these there is no 
need to disinherit them on account of their 
cytoplasmic inclusions. 

Sources of Russell Bodies. — Plasma cells con- 
taining Russell bodies are found constantly in a 
wide . variety of chronic infections and in the 
granulomata (Fig. 3). They are to be found in 
small numbers in the normal intestinal submucosa 
of man and in larger numbers in the membrana 
propria of the abomasum, the fourth or true 
stomach, of ruminants. In this site they are the 


G 



82 


A. G. EVERSON PEARSE 


Schollenleukocyien of Weill, described in the 
abomasum of the sheep. They occur constantly, 
as described by Russell, in the small round-cell 
infiltrations at the periphery of malignant tumours 
(Fig. 1). Russell bodies occur also in the abnor- 
mal plasma cells of plasmacytoma, where, accord- 
ing to Willis (1948), abnormal proteins produced 
in the tumour cells appear as rounded fuchsinophil 
masses or as crystals. 

The main sources of Russell bodies in these 
investigations have been (1) the periphery of malig- 
nant tumours, (2) various chronic inflammatory 
granulomata, (3) six cases of plasmacytoma. 

Kurloff Bodies 

Kurloff bodies were first described by Kurloff 
in f 1889, and independently in the same year by 
Foa and Carbone, as inclusion vacuoles in the 
cytoplasm of haemic and splenic lymphocytes in 
the guinea-pig. They occur in from 2 to 20 per 
cent of the haemic lymphocytes. Bab is quoted by 
Ledingham (1906) as having found in the bone 
marrow and spleen of guinea-pigs certain vacuo- 
lated cells containing masses of ill-defined granules 
staining metachromatically with thionin. These 
Ledingham, but not Bab, regarded as Kurloff 
cells. Ledingham himself (1940) uses the term 
“ cell,” but I suggest, for reasons similar to those 
adduced for Russell bodies, that the term Kurloff 
body and not cell is more appropriate. 

In air-dried films of guinea-pig blood, fixed in 
methyl alcohol and stained by Romanowsky 
methods, the appearance of Kurloff bodies varies 
considerably.* In films wet-fixed in Susa, however, 
the body appears as a uniformly spherical isotropic 
globule whose diameter may equal and often 
exceeds that of the nucleus (Fig. 7). Only where 
the cells have been crushed by the process of 
making the film does the material contained in the 
bodies appear granular. I consider that the 
appearances described by Ledingham (1940) based 
on air-dried methyl alcohol fixed films stained by 
Giemsa are largely artifact. 

There are four theories as to the nature of 
Kurloff bodies. 

Secretory Theory. — Kurloff himself originally 
suggested that they were some kind of secre- 
tion ( Sckrctstoff ), and it has also been considered 
possible that they may represent aggregations 
of the azurophil granules normally present in 
lymphocytes. 

Parasitic Theory'. — According to Ledingham, 
Mochkovski in 1937 suggested that the bodies 
were rickettsial and proposed the name Ehrlichia 


kurlovi in honour of the discoverer, who worked 
in Ehrlich’s laboratory. 

Phagocytic Theory. — The bodies have been 
considered to represent phagocytosed red cells 
or nuclear remnants derived from other cells 
(Lazzeroni, 1935). 

Nuclear Theory. — This theory derives from 
Leinati (1932), who regards the body as repre- 
senting half the nucleus of the lymphocyte 
which has undergone pycnosis. Lymphocytes 
with double nuclei connected by a thin band of 
chromatip are not uncommon in the guinea-pig. 

In this investigation, the sole source of Kurloff 
bodies has been films of adult guinea-pig’s buffy 
coat, wet-fixed in Heidenhain’s Susa fixative or in 
saturated aqueous basic lead acetate. 

— Method 

The use of the periodic acid Schiff. reagent 
(P.A.S.) method in histology was first described 
by McManus (1946) for the demonstration of 
mucin and by Hotchkiss (1948) for a wide variety 
of polysaccharide structures. 

By this method the monosaccharide components 
of polysaccharide structures remaining in the 
tissues after the use of ordinary aqueous fixa- 
tives are oxidized by periodic acid (HIOJ to 
polyaldehydes, and the latter are combined in situ 
with Schiff’s reagent (leucofuchsin) to form a red 
substituted dye. If the periodic acid method is 
used as described in the appendix on paraffin sec- 
tions after aqueous fixatives, then five groups of 
substances may be expected to give positive results 
and these will not be visible in control sections 
unexposed to periodic acid. The five groups are 
given below. 

L Polysaccharides. — Of this group glycogen is 
the only member remaining after aqueous fix- 
ation and paraffin embedding. 

II. Mucopolysaccharides (simple and complex). 
— These are defined by Meyer (1938) as polysac- 
charides containing hexosamine as one component, 
occurring either free (simple) or in combination 
with protein substances of higher molecular weight 
and as esters of sulphuric acid (complex). Both 
simple and complex acid mucopolysaccharides con- 
tain uronic, usually glycuronic, acid as their second 
carbohydrate component. They include hyal- 
uronic acid, intestinal mucins, chondroitin sul- 
phuric acid, arid heparin. The smaller frac- 
tion of gastric mucus is included here as a 
neutral mucopolysaccharide. 

III. Mucoproteins (Mucoids). — These are defined 
by Meyer as substances containing mucopolysac- 
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charide in firm chemical union with a peptide 
where the hexosamine content is greater than 4 
per cent. The mucoproteins contain hexosamine 
and-hexose as their carbohydrate component as a 
rule, thougji uronic-acid-containing mucoids do 
occur. In this group are included the pituitary 
and chorionic gonadotropic hormones, submaxil- 
lary gland mucoids, and the serum mucoproteins 
seromucoid and seroglycoid. The larger fraction 
of gastric mucus is a mucoprotein. 

IV, Glycoproteins. — These are divided from the 
mucopToteins on the basis of their hexosamine 
content of less than 4 per cent. They include frac- 
tions of serum albumin and serum globulin. 
According to Meyer (1945) simple proteins con- 
taining hexoses without hexosamine have not been 
found in nature. 

V. Glycolipids. — These substances, on hydrolysis, 
yield one molecule each of fatty acid, sphingosine, 
and galactose or glucose. They stain positively 
with the periodic acid method by virtue of the 
sugar. The cerebrosides, which are the main 
members of the group, occur in a variety of tissues 
outside as well as within the nervous system. After 
fixation, even in formalin alone, their solubility 
in fat solvents is altered so that they may still 
be present in paraffin sections. Hotchkiss suggests 
that the alcoholic solutions used in his periodic 
acid method complete the removal of those traces 
of cerebroside and other polysaccharide-containing- 
lipoids which may remain in paraffin sections. 
Unfortunately, I have found evidence, at least in 
the case of the anterior hypophysis, that this is 
untrue. 

The three substances hexuronic acid, hexosamine, 
and hexose are responsible for the development 
of colour when the periodic acid method is 
employed. In vitro , equimolecular portions of 
hexose and hexosamine give the same intensity of 
colour when oxidized by periodic acid and allowed 
to react with leucofuchsin. 

Cy to chemical Distinctions. — Group L — Glyco- 
gen can be removed from sections by hydrolysis 
with diastase or ptvalin. During this work control 
sections, where necessary, have been exposed to 
the action of saliva for ten minutes at room 
temperature before applying the periodic acid or 
other techniques. 

Group 2. — The only simple mucopolysaccharide 
with which wc arc concerned is hyaluronic acid. 
Experiments suggest that the amount of this sub- 
stance present can be reduced by exposing sections 
to the action of hvaluronidase. Complex muco- 


polysaccharides contain higher esters of sulphuric 
acid or phosphoric acid groups and are distin- 
guished by their property of staining metachro- 
matically in dilute aqueous solutions of thionin or 
toluidine blue. Lison (1936) regards metachro- 
masia as a specific his to chemical indication of the 
presence of higher esters of sulphuric acid, but it 
is apparent that the phosphoryl groups of ribo- 
nucleic acid, in some circumstances, induce meta- 
chromatic staining with dilute aqueous thionin. 
Hyaluronic acid' is metachromatic where it occurs 
in the form of its sulphuric add ester as, for 
instance, -in the cornea. In paraffin sections, there- 
fore, metachromasia may signify sulphuric or 
phosphoric acid groupings. 

Further assistance may be obtained by a study 
of the dye-binding capacity for methylene blue 
measured at various pH levels (Dempsey and 
Singer, 1946). These authors found that mast 
cell granules and the ground substance of cartilage 
still bound methylene blue at pH 2 whereas the 
binding capacity of tracheal mucus w’as extin- 
guished at pH 3 and that of ribonucleic acid at 
pH 4. The ribonucleic acid they studied was that 
of thyroid colloid, but I have found that the ribo- 
nucleic acid of plasma cell cytoplasm still binds 
methylene blue at pH 2.6. After ribonuclease, 
plasma cell cytoplasm is only faintly blue at 
pH 6. If the nucleic acids can be excluded the 
capacity to bind methylene blue below pH 4 
almost certainly indicates sulphate ions and thus 
mucopolysaccharides. 

Groups 3 and 4 . — These two groups have been 
subdivided according to Meyer’s arbitrary' though 
convenient classification, and no cytochemical 
distinction is possible between them. Theoreti- 
cally, substances in Group 3 might be expected to 
give more colour than those in Group 4 if their 
hexose components are equal. Factors such as 
concentration and availability apparently modify 
the development of colour to such an extent, how- 
ever, that no conclusion can be derived from its 
intensity. The most important point is that sub- 
stances in Groups 3 and 4 do not show meta- 
chromasia with thionin and will not bind 
methylene blue below pH 6. 

Group 5 . — The possibility that periodic acid 
material in paraffin sections may still belong to 
this group must always be recognized. Control 
frozen sections stained for lipid by Sudan IV or 
Sudan black B and compared with paraffin and 
frozen periodic acid sections will usually allow the 
lipoidal nature of the substance to be established 
or excluded. 
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Results 

The results of the present series of experiments 
are shown in the Table. In the accounts of these 
findings and in the description which follows, sub- 
stances in Groups 3 and 4 are referred to, jointly, 
as mucoprotein. 

Russell Bodies. — If a tissue is chosen in which 
plasma cells containing Russell bodies are present 
in addition to the ordinary types, then intermediate 
states can be found between the plasma cell with 
faintly periodic-acid-positive cytoplasm and one 


containing the fully developed Russell bodies. 
These states are best seen in sections stained by 
periodic acid after ribonuclease (Figs. 2 and 4). 

The stages of development appear to be as fol- 
lows/ The faintly positive plasma cell, which is 
usually normal in size, first enlarges and becomes 
more strongly positive. The contained material 
then becomes finely granular with a decrease in 
the total intensity of staining. The granules 
enlarge, increasing until they become globules the 
size of adult red cells or larger, and the intensity 
of staining rises simultaneously. Finally, the cell 


TABLE 

RESULTS OF THE EXPERIMENTS 


Structure 

Eosino- 

philia 

Basi- 

philia 

P.A.S.* 

P.A.S. 

after 

ribo- 

nuclease 

Pyronin 

Pyronin 
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+ 

Basiphilia 

reduced 

+ 

No 
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+ 

... 
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(1) Ribonucleic 
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(2) mucoprotein 
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+ 

+ 

Around 
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+ 

+ 

Around 

globules 
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+ 

No 
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surrounded by 
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+■ 
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+ 

Around 
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Surround- 
ing sub- 
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+ 
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+ 
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+ 

+ 

+ 

+ 

+ 

No 
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+ 

+ 
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pH 2.6 
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+ 

+ 

+ 

+ 

+ 
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No 

reduction 

+ 
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add 
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Paneth 

cell 

granules 
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Red blood 
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P ■■ Periodic acid SchifT t Methylene blue extinction. $ After ribonuclease. 
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may be. so full of globules and their colour so deep 
that they appear _to coalesce. In some cases the 
process appears to stop at the stage of a cell scarcely 
larger than the normal plasma cell, with bright 
red non-granular cytoplasm. These cells appear 
in the majority of chronic infective conditions, 
and with haematoxylin and eosin staining look like 
eosinophils with unlobed nuclei. Similar cells con- 
taining fine eosinophil granules which are P.A.S.- 
positive and metachromatic with thionin occur 
in various small round-cell infiltrations. These 
are the plasma-mast cells of Krompecher described 
by Michels and Globus (1929) in cerebral syphilis. 

Comparison with sections stained by the Unna- 
Pappenheim method shows that the amount of 
pyronin-positive material in the plasma cell (ribo- 
nucleic acid) decreases as the amount of P.A.S.- 
positive substance (mucoprotein) rises. Further- 
more each Russell body is surrounded by, to use 
Russell’s own words, “ a delicate cementing sub- 
stance which stains faintly.'” It is, almost certain 
that this is the basiphilic and pyronin-positive 
material which is removable by hydrolysis with 
ribonuclease and is, most probably, ribonucleic 
acid itself (Fig. 5). 

The substance Qf which the bodies are composed 
is unaffected by ribonuclease, diastase, or hyal- 
uronidase, fails to bind methylene blue at pH 6, and 
is devoid of metachromatic properties. It is, there- 
fore, mucoprotein or at least contains mucoprotein 
as^a major constituent. 

Kurloff Bodies. — Guinea-pig lymphocytes have 
basiphilic cytoplasm which is pyronin-positive ; 
as in the case of human lymphocytes this is due 
to ribonucleic acid and is removable by ribo- 
nuclease. A thin layer of this pyronin-positive 
ribonucleic acid surrounds each individual Kurloff 
body (Fig. 7a), and it is this layer which, irrever- 
sibly precipitated as a network cither by the vital 
stains or by air doing of blood films and sub- 
sequently fixed and counterstained, has been 
described by various authors as the inclusion 
body of the so-called Kurloff cell. In fact the 
body within this reticulum is ribonuclease-fast 
and brilliantly P.A.S.-positive (Figs, lb and 7c). 

It is fast also to diastase and hyaluronidase and 
docs not show mctachromasia. In preparations 
wet-fixed in Susa, however, and mounted in a 
watery medium the cytoplasm of the lymphoevtes 
‘ and the thin layer covering the Kurloff body show 
reddish mctachromasia with thionin. This finding 
probably explains the results obtained by Bab, 
mentioned above. 

It is concluded that the Kurloff body consists 
wholly or partly of mucoprotein. 


AND KURLOFF BODIES 

Other Structures in the Table. — The remaining 
structures in the Table have been included for 
various reasons. Tissue mast cells conveniently 
provide themselves as ^controls for metachromasia 
in many sections containing plasma cells and 
Russell bodies (Fig. 6). It has been suggested by 
Holmgren and Wilander (1937) that mast cell 
granules contain the acid mucopolysaccharide 
heparin, and the results listed in the Table are in 
agreement with this view. 

The pituitary basiphil cells present a problem 
similar to that posed by plasma cells. It must 
be. emphasized that their granules are primarily 
only weakly basiphil and that their cytoplasm is 
secondarily basiphil by virtue of its ribonucleic 
acid content. As Desclin (1940) has shown, and 
as Dempsey and Wislocki (1945) have confirmed, 
this secondary basiphilia is removable by hydro- 
lysis with ribonuclease. After such hydrolysis with 
ribonuclease, the true fi granules, which now con- 
tain no ribonucleic acid, remain in the basiphils 
and are weakly stained by 5 x lO* 4 M methylene 
blue at pH 6.4 whereas the a granules are stained 
strongly blue at this pH. The a granules are thus 
more basiphil than the true granules at this pH. 
The basiphil {fi) granules are strongly B.A.S.- 
positive both before and after ribonuclease 
and they resist the action of diastase and hyal- 
uronidase. Although Bienwald (1939) was able to 
demonstrate in thionin -stained formol-fixed frozen 
sections the presence of a metachromatic substance 
in the basiphils, the ft granules have not been 
found to exhibit metachromasia in either frozen or 
paraffin sections. The substance demonstrated by 
Bienwald was probably fatty material ( Fettstofje ), 
as he suggested. 

Pearse (194S) considers that the true /? granules 
represent the gonadotropic hormone (F.S.H. or 
F.SH.-fL.H.) which has been shown by Evans 
and co-workers (1939), and by various other 
workers, to be a mucoprotein. 

The results obtained with Auer bodies have been 
unsatisfactory for the following reasons. Cells 
containing Auer bodies are seldom numerous in 
either blood or bone marrow*, and the bodies 
cannot be demonstrated except in air-dried films 
fixed in methyl alcohol and stained by one or other 
of the Romanowskv methods. Auer bodies in 
myeloblasts, located by this method, marked, 
decolorized, and subsequently treated with periodic 
acid, have been found to show a faint red colour 
demonstrable only by the use of green filters but 
not show*n by the decolorized control. The azuro- 
phil granules of lymphocytes arc periodic-acid- 
necativc. 
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Discussion 

In the light of the present work, only one of 
the three theories of origin of Russell bodies can 
be maintained. This is the secretory theory of 
Downey (1911) and Kingsley (1924). 

Although it is clear that Russell bodies are 
formed in large numbers in response to abnormal 
stimuli, such as may be supposed to occur in the 
vicinity of malignant tumours or in long-continued 
chronic inflammation, their presence is clearly not 
invariably associated with obvious pathological 
processes. If one of the functions of the plasma 
cell is to produce mucoproteins, then the forma- 
tion of Russell bodies may represent a disorder 
due to over-stimulation and over-production. The 
evidence presented in this paper suggests that 
plasma cells normally can produce mucoproteins 
and that the quantity is usually insufficient or too 
rapidly secreted for granular and globular retention 
stages to occur. 

Most supporters of the secretory theory believe 
that the formation of Russell bodies is a degenera- 
tive phenomenon, and the cytological appearances 
certainly support such a view. The large cart- 
wheel nucleus of the plasma cell becomes distorted 
by the pressure of accumulated secretion, shrinks, 
and becomes pycnotic in the majority of cases, so 
that death of the cell and liberation of its content 
appear to be the usual end-result. 

In his work on the genesis of red blood cor- 
puscles from eosinophil leucocytes Duran-Jorda 
(1943a and b, 1948) describes one of the stages of 
erythropoiesis as a cell, originally called by him 
the “ stem cell ” and the “ plasma cell with eosino- 
philic granules.” The. situation and appearance of 
this cell parallel so exactly that of' the plasma-cell- 
containing Russell bodies as to make it almost 
certain that they are identical. Since Russell 
bodies are of mucoprotein nature and since red 
blood cells and the granules of tissue and blood 
eosinophils are uniformly P.A.S.-negative, I con- 
sider that he is mistaken in including the Russell- 
body-containing plasma cell in his erythropoietic 
series. 

As far as Kurloff bodies are concerned, the 
conclusion arrived at in these studies is that they 
are produced in guinea-pig lymphocytes by a pro- 
cess of secretion similar to that involved in the 
production of Russell bodies by human plasma 
cells. Freed from the surrounding ribonucleic 
acid reticulum, which has misled so many investi- 
gators, the structure of Kurloff bodies is seen to 
be very simple indeed. Of the four theories of 
origin presented, only KurlofTs original one, which 
regards them as a secretion, fits the evidence. 


Ledingham (1940) found that the number of cir- 
culating lymphocytes containing Kurloff bodies 
was normally greater in female than in male 
guinea-pigs, and greater still in pregnant females, 
and that the number could be greatly increased by 
injection- of oestrogenic substances (oestradiol). 
Here is evidence of a controlled stimulus to 
secretion of mucoprotein affecting guinea-pig 
lymphocytes. 

The present experiments show that, apart from 
the Russell bodies, the cytoplasm of a proportion 
of normal plasma cells contains mucoprotein. This 
substance may have been phagocytosed by the 
cells or synthesized, or its precursors may have 
been absorbed and subsequently converted into 
mucoprotein. It is important to know which of 
these hypotheses is the true one, because if the 
mucoprotein is synthesized the fact may have some 
bearing on the possible production of antibody 
by plasma cells and on the possible production 
of abnormal globulins by plasmacytoma. 

Rohr (1936) states that in the bone marrow 
plasma cells are specialized reticulum cells which 
phagocytose fat, erythrocytes, and nuclear debris ; 
and Waldenstrom (1944) goes further and states 
that in plasmacytoma they take up and store 
abnormal globulins formed elsewhere in the body. 
The majority of workers, however, hold the oppo- 
site view. Bing and Plum (1937) noted that hyper- 
globulinaemia and plasma-cell increase tended to 
be associated, and considered that plasma cells 
produced the globulins. Bjorneboe and Gormsen 
(1943) demonstrated in the rabbit immunized 
against pneumococci that the formation of plasma 
cells in various tissues accompanied the rise of 
antibody titre. They were unable to increase the 
number of plasma cells by injection of globulins, 
and concluded that antibody globulins are formed 
by plasma cells but that storage does not take 
place, Ranstrom (1946) noted the discrepancy 
between the views of Waldenstrom and the obser- 
vations of Bjorneboe and Gormsen, and agreed . 
with the latter, though it is fair to note that the 
findings of their second experiment can only be 
applied to the particular globulins employed and 
not to globulins in general. Teilum (194S) also 
holds that plasma cells and other reticulo-endo- 
thelial cells produce the various antibodies and 
also hyaline and amyloid. 

It is evident that the weight of opinion upon 
plasma cells is against storage and in favour of 
secretion. It is considered that the inverse rela- 
tionship between ribonucleic acid and mucopro- 
tein, noted especially in plasma cells which are 
forming Russell bodies, supports synthesis ancl not 
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absorption. In order to explore the possibility 
that connective tissue mucin (hyaluronic acid) 
might be absorbed to form Russell bodies in con- 
nective tissue plasma cells, the action of hyal- 
uronidase upon these was tested and found to be 
absent This evidence "is against the absorption 
of hyaluronic acid and in this respect favours 
secretion. 

In cases of plasmacytoma the abnormal circu- 
lating globulins may belong to the a , ft, or 7 frac- 
tions, and Blix and others (1941) have shown that 
normal ft and y fractions contain carbohydrate. 
Normal globulins may therefore be glycoglobuiins. 
If the abnormal globulins of plasmacytoma con- 
tain sufficient carbohydrate they should be P.A.S.- 
positive. In the present work I have examined six 
cases of plasmacytoma and found a positive reac- 
tion in a small proportion of the plasma cells 
in four -of them. In the fifth and sixth cases, the 
only ones in which undecal rifled tissues were 
examined, a large proportion of the plasma cells 
and reticulum cells showed a positive reaction 
(Figs. 8a and 86). It seems probable that the acid 
used for decalcification hydrolyses the mucopro- 
tein and renders the P.A.S. reaction negative. It 
[s hoped that a study of further cases will confirm 
these findings. 

Summary 

1. The periodic acid Schiff method of McManus 
and Hotchkiss has been used together with other 
techniques to investigate the cytochemistry of 
plasma cells, Russell bodies, and Kurloff bodies. 
A number of other structures whose chemistry 
throws light on the problem have been investi- 
gated simultaneously. 

2. Evidence is presented that Russell bodies in 
human plasma cells and Kurloff bodies in guinea- 
pig lymphocytes consist of mucoprotein probably 
secreted by the parent cell. The implication of 
these findings on the various theories of origin of 
the two types of body are briefly discussed. 

3* Th c presence of mucoproteins in the cyto- 
plasm of human plasma cells is demonstrated, and 
it is suggested that these mucoproteins are polysac- 
charide-containing globulins (glycoglobuiins, muco- 
globulins). The question whether the mucoglobulin 
is secreted or absorbed by plasma cells is con- 
sidered and evidence adduced in favour of the 
former. 


Appendix 

, *;, criodic Atid SchilT WcMamn, Hotchkiss, m, 
lied) F°r paraffin sections mercurial fixatives 
lor choice, but formalin is quite adequate, 
blood films wet fixation in Susa for 10 mini 


(White, 1947) is employed. The films are prefer- 
ably stained at once. 

After removal of mercury salts by means of iodine 
and thiosulphate, (1) bring to 70 per cent alcohol ; 
(2) leave for 5 minutes in periodic acid solution (A) 
at room temperature ; (3) flood with 70 per cent 
alcohol and transfer to reducing rinse (B) for 
1 minute ; (4) flood with 70 per cent alcohol and 
leave for 15 to 45 minutes in fuchsia-sulphite solu- 
tion (C) ; (5) wash in running water for 10 to 30 
minutes; (6) stain the nuclei in 0-5 per cent celestin 
blue in 5 per cent aqueous iron alum (Lendrum and 
McFarlane, 1940) for 1 minute, followed by Meyer's 
haemalum for 1 minute. The object of the short 
staining period is to avoid emphasis of cytoplasmic 
basiphilia to a degree sufficient to obscure the red 
colour of Schiff-positive substances. The times in 
stage 6 may be increased without limits after ribo- 
nuclease. (7) Differentiate strongly in 2 per cent acid 
alcohol, wash, dehydrate, clear in xylol, and mount 
in D.P.X. 


(A) HIO, 400 mg. 

Aq. dest 10 ml. 

M/ 5 sodium acetate buffer ... 5 ml. 

Pure ethyl alcohol 35 ml. 

(Keeps in the dark at 4° C. for at least 14 days.) 

(B) K1 " 1 g- 

Na.S>0,.5H : 0 1 g. 

Aq. dest. 20 ml. 

Pure ethyl alcohol 30 ml." 

2N HCl 0.5 ml. 


(The precipitate of sulphur which forms is ignored. 
This solution must be reacidified if necessary from 
time to time.) 

(C) The Schiffs solution of Feulgen (see Lison, 1936, 
p. 178) or any of its modifications may be employed. 

Rfbonuclease. — This was used as a 0.5 per cent 
solution in isotonic veronal acetate buffer at pH 6.75. 
To destroy any remaining proteolytic action the 
enzyme is heated for 3 minutes at 100 s C. in aqueous 
solution, and this is added to double-strength acetate 
buffer to make the solution for use (White, 1947). 
A crystal of thymol is added to the solution in a 
coplin jar to prevent bacterial contamination. 

Sections are incubated at 37° C. for 1 hour. 

Hyaluronidasc. — 500 mg. of dried bull's testis is 
added to 50 ml. of isotonic veronal acetate buffer at 
pH 6.99 and stirred gently with a glass rod. The 
mixture is left for 30 minutes for undissolvcd solid 
matter to settle ; it is then decanted, and sufficient 
proflavine (2.8 diamino-acridine hydrochloride) is 
added to give a faint yellow tinge. Hyaluronidasc 
is quickly destroyed by shaking, but its action is un- 
impaired by bacteriostatics of the acridine scries. 

Sections are incubated at 37* C. for 24 hours. 
A 30 to 40 per cent reduction of P A. S. -positive colour 
is obtained in frozen sections of umbilical cord and 
cornea, and this reduction is not shown in control 
sections incubated for 24 hours in buffer at pH 6.99. 
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Unna-Pappcnheini. — Sections, preferably fixed in 
Helly or other mercurial fixatives, are stained for 
30 minutes in the following solution : 


Methyl green (C.I. No. 684) ... 0.15 g. 
Pyronin G. (C.I. No. 739) ... 0.25 g. 

90% ethyl alcohol 2.5 ml. 

Glycerine 20.0 ml. 

0.5% aqueous phenol to 100 ml. 

The solution is boiled for 2 minutes, and filtered 


before use. 


Metachromasia. — Sections fixed in mercurial fixa- 
tives are stained for 1 hour in 0.25 per cent aqueous 
thionin (C.I. No. 920), or in 0.5 per cent aqueous 
toluidine blue (C.I. No. 925), and are mounted in 
water for examination or in glycerine jelly for 
permanency. 

For thionin staining, films of guinea-pig's buffy 
coat were fixed in saturated aqueous basic lead acetate, 
which is said to facilitate the demonstration of meta- 
chromasia. 


Methylene blue extinction. — Sections fixed in forma- 
lin or mercurial fixatives were immersed for 24 hours 
at 25° C. in 5 X 10“ 4 M methylene blue dissolved in 
veronal acetate buffer at the various pH levels. The 
sections were examined in water and subsequently 
mounted in glycerine jelly. 

v 

I wish to thank Professor J. H. Dible, Dr. C. V, 
Harrison, and my other colleagues in the Department 
of Pathology for their interest and advice. Thanks 
are due to Dr. J. C. White for a specimen of ribo- 
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micrographs by Mr. E. V. Willmott. 
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Fig. 1. — Plasma cells and Russell bodies (arrows) in 
the lamina propria of the gastric mucosa. 
Hacmatoxylin and cosin, X 580. 

Fig. 2.-7-The same tissue as Fig. 1. Lower right, 
positively-stained mucus in gland cells. P.A.S. 
cclestin bluc-haemalum, x 580. 

Fig. 3. — Russell bodies in n granuloma (breaking- 
down sebaceous cyst). P.A.S. celcstin blue- 
haemalum, X 580. 

Fig. 4. — Part of Fig. 2 to show detail of Russell 
body formation. The P.A.S.-positivc cytoplasm 
of some of the plasma cells is well shown. 
P.A.S. cclestin bluc-hacmalum, X 1,150. 






Fig. 5. — Shows the ‘‘delicate cementing substance” be- 
tween the Russell bodies, stained by pyronin. On 
hydrolysis with ribonucleasc this disappears. Pyronin- 
mcthvl green, X 1,150. 

Fig. 6. — The section is mounted in glycerine jelly, which 
accounts for the poor optical qualities of the photo- 
graph. Below, red metachromasia shown bv tissue 
mast cell granules. Above, blue stained Russell bodies 
in a plasma cell. 0.25 per cent aqueous thionin, 
x 1,150. 

Fig. hi . — Lymphocyte with semilunar nucleus below and 
above, pyronin-positive cytoplasm surrounding an 
unstained Kurloff body. Pyronin-mcthyl green, 
x 1,150. 

Fig. lb . —Single lymphoc>te showing, lower left, blue 
staining nucleus; upper right, red P.A.S -stained 


Kurloff body. There is an unstained cytoplasmic halo 
around the body in which three greyish dots can he 
seen. The darker dots overlying the body are thought 
to be precipitated ribonucleic acid. P.A.S. cclcstin 
bluc-hacmalum, x 1,150. 

Fig. 7c. — Below, the nucleus of the lymphocyte. Above; 
the Kurloff body. Note the absence of dots seen in 
Fig. lb. P.A.S. celestin b!ue-hacmalum, X 1,150 (alter 
ribonucleasc). 

Fig. 8a. — Plasma cells from a case of plasmacytoma show- 
ing P.A.S.-positivc material in the cytoplasm. P.A.b. 
cclcstin blue-hacmalum, X 1,150. 

Fig. 8 b. — Above, a plasma cell, and, below, a reticuluni 
cell, from another case of plasmacytoma. Both cells 
contain P.A.S. -positive material. P.A.S. cclcstin blue- 
hacmalum, x 1,150. 
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CYSTIC PNEUMATOSIS OF THE LARGE INTESTINE 

BY 

I. FRIEDMANN 

From the Department of Pathology , Institute of Laryngology. London 
(received for publication, march 9, 1949) 


Cystic pneumatosis of the intestine is a rare 
condition, but perhaps not so rare as the small 
number of reported cases suggests. Although 
recognized since 1876, when Bang first noted gas 
cysts in the intestine of a woman who had died 
of volvulus, cystic pneumatosis of the intestine 
has remained a baffling diagnostic problem. 

The condition may be defined as the presence 
of gas in cyst-like formations in the body. These 
may be localized in any part of the gastro-intestinal 
tract ; they have a marked predilection for the 
ileocaecal region and the duodenum, but are also 
found in the bladder, vagina, mesentery, parietal 
peritoneum, and pleura. 

Incidence and Distribution. — Cystic pneumatosis 
is more common in men than in women. It 
occurs at all ages, but mainly between 25 and 50. 
About 200 cases have been reported in the litera- 
ture (Dressier, 1939 ; Sauser-Hall, 1940). Ferrandu 
in 1935 collected ISO cases, perhaps not all proven. 
Jackson in 1940 published a survey and added a 
case of his own, bringing the total of cases in the 
available literature to 172. Of these, twelve 
occurred in children and 160 in adults. 

Aetiology. — The aetiology of cystic pneumatosis 
is obscure and none of the theories advanced is 
entirely convincing. Theories of a neoplastic or 
a chemical origin of cystic pneumatosis can be dis- 
regarded. The clinical picture of the reported 
cases is also unlike that of a gas-forming infec- 
tion, the tissue reactions arc not suggestive of an 
inflammatory condition, and bacterial cultures arc 
usually negative. Animal experiments (Sauscr- 
Hall, 1940) have produced no evidence in support 
of a bacterial origin. 


The mechanical hypothesis postulates a break 
in the intestinal mucosa through which gas is 
forced into the intestinal wall. The defect can be 
caused by a localized infection or over-distension 
of the intestine by gas. There is some evidence 
in support of this view. In a large proportion of 
cases cystic pneumatosis is associated with ulcera- 
tive diseases of the gastro-intestinal tract, with 
obstruction and hyperperistalsis — for example, 
duodenal ulcer and pyloric stenosis, intestinal 
tuberculosis, chronic ileus caused by adhesions, 
etc. This theory, however, fails to explain the 
generalized forms, and the fact that not all people 
with pyloric stenosis develop cystic pneumatosis. 
Dressier (1939) suggests that there may be a con- 
stitutional weakness in the walls of the lymphatics 
which enables a comparatively slight rise in the 
abdominal pressure to cause a dilatation of the 
lymphatics. 

Pathology. — The gross pathology depends on 
the extent of the gaseous infiltration. As a rule 
the bowel is covered with grape-like cysts varying 
in size, shape, and number. They can be localized 
in all strata of the intestinal wall, usually in the 
submucosa and in the subscrous tissue. Moore 
(1929) says that in children gas is formed mainly 
in the mucosa and submucosa, but in adults the 
gas accumulates in the subserosa. Microscopically 
the cysts arc separated by loose connective tissue 
lined by endothelial cells resembling the endo- 
thelial cells of the lymphatics ; or they may show 
no lining at all. Giant cells of the foreign-body 
type arc a fairly common feature. The cysts mu 
be empty or may contain some serous mat 
Haemorrhage, oedema, and eosinophil cel 1 ' 
been described in the interstitial tissue 



Fig. 1.— Under the intact mucosa 
the submucosa is transformed 
into a system of numerous 
cyst-like cavities resembling 
emphysema of the lungs. 
X 20. 



p IGi 2.— The cavities 
are lined by endo- 
thelial and numer- 
ous giant cells 

of foreign-body 

type, which can 
also be seen lying 
freely in the loose 
connective tissue 
separating tlic 
cavities. X SO. 
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Clinical Picture —Primary cystic pneumatosis 
unassociated with an organic change in the 
abdomen is rare (Urban, 1937). According to 
various authors, in 45 to 75 per cent of all cases 
reported cystic pneumatosis was associated with 
a stenosing duodenal ulcer. The clinical diagnosis 
of cystic pneumatosis is very difficult (Reverdin, 
1924), most cases so far reported having been 
recognized only at operation or at necropsy. 
Mengis (1938) considers sudden severe abdominal 
pain the leading clinical symptom of cystic 
pneumatosis. Recently, however, several cases 
have been diagnosed by radiography (Lemer and 
Gazin, 1946 ; Berglund, 1939). 

Cystic pneumatosis of the intestine is in itself 
a benign process, and the cysts may be very quickly 
absorbed. Surgical treatment, if necessary, should 
therefore be directed against the underlying disease, 
but there is no need for drastic resection of the 
cystic intestine. 

Pelnar (1900) described a case of cystic pneu- 
matosis associated with tuberculosis of the intes- 
tine. Bartak (1941) reported on the histology of 
a case of cystic pneumatosis of the caecum which 
was surgically removed. More recently Vahala 
(1946) described in some detail another case of 
cystic pneumatosis of the caecum, in which the 
patient, a 44-year-old physician, was admitted to 
hospital with a diagnosis of acute appendicitis. 
He had been suffering for years with occasional 
bouts of pain in the lower abdomen which came 
on after exertion but subsided in a few days with- 
out treatment. At operation the appendix appeared 
normal, but the caecum was studded with grape- 
like cysts in the serosa and deeper in the caecal 
wall. In this patient the underlying condition was 
a chronic duodenal ulcer, and the cystic pneuma- 
tosis may have been provoked by a mild attack of 
enteritis. 

In the present case, too, the clinical picture was 
misleading and suggestive of malignant growth of 
the large intestine. 

Case Report 

An undernourished woman of 65 was admitted to a 
provincial hospital with a long history of indigestion 
and constipation. She had recently been losing much 
weight. A movable lump, the size of a man’s fist, 
was found on palpation in the ilcocaccal region, and 
malignant growth of the large intestine was suspected. 
At laparotomy the caecum and ascending colon were 
found to be transformed into a grapc-like mass that 
showed many partly pedunculated vesicles which 
collapsed when they were cut open. There was no 
malignant growth, and the affected parts were resected. 

t 


The patient developed bronchopneumonia and died 
soon after the operation. Necropsy could not be 
performed. 

Histology. — Three small pieces were excised from 
the ascending colon and fixed in formalin. No 
bacteriological or chemical examination could be 
carried out. The macroscopical appearance of the 
specimens was characteristic: the cut surface showed 
small round or oval cavities 1 to 3 mm. in diameter 
situated in the intestinal wall. The consistency of the 
specimens was sponge-like, not unlike emphysematous 
lung tissue, and the cavities appeared empty. 

Sections stained with baematoxylin and eosin 
showed the glands to be unchanged and no signs 
of inflammation in the mucosa (Fig. 1). Closely 
arranged cystic cavities, varying in size and shape, 
occupied the whole intestinal wall. They w r ere sepa- 
rated by slightly oedematous connective tissue, and 
some were lined by fairly large endothelial cells. 
Others showed fiat cells only, or no lining at all. 
Numerous giant cells of foreign-body type lined some 
of the cysts ; more often they lay freely in the loose 
connective tissue of the submucosa. Round, small 
cysts w'ere seen close to the glandular surface, larger 
ones in the deeper layers. Some of these seemed to 
have been formed by fusion of two or more smaller 
cysts under pressure (see the “ tom ” wall in the 
larger cyst. Fig. 2). There w’ere a few round cells, 
but no tuberculous or ulcerative changes and no signs 
of malignancy. 

Most of the cavities w r ere empty. Some contained 
a faintly blue-staining homogeneous material. In sec- 
tions stained for fat some red-staining material was 
seen in a few cysts. 

Discussion 

This case demonstrates how numerous are the 
disguises under which cystic pneumatosis of the 
intestine may occur. As in other cases, there was 
a long history of dyspepsia and constipation. The 
exact origin of these signs could not be established. 
The tumour-like mass was entirely formed. by the 
cystic caecum and ascending colon. The cysts 
w’ere located in all the layers of the intestinal wall, 
and they collapsed w'hen incised. They contained 
some serous and fatty material. This might 
suggest that the cysts were formed from distended 
lymphatics. As Lament (1929) points out, the 
anatomical arrangement of the lymphatics, which 
form a complicated scries of plexuses, w'ould be 
quite compatible with the tier-like arrangement of 
the cysts. Dressier (1939) assumes that the cysts 
are formed within the lymphatics. 

The case w^as typical in that it simulated another 
disease — malignant growth — and was only recog- 
nized at operation. Its occurrence in an elderly 
woman was unusual. 
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Summary 

A case of cystic pneumatosis of the large intes- 
tinein a woman aged 65, simulating symptoms and 
signs of malignant growth, is described. 

My thanks are due to Mr. E. V. Wilmott, F.R.P.S., 
who prepared the photomicrographs, and to Dr. A. E. 
Rides, medical adviser, British Council in Prague, for 
valuable literature. 
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THE SURGICAL PATHOLOGY OF RECTAL CANCER 

B Y 

CUTHBERT E. J3UKES 
From St. Mark's Hospital, London 

(received for publication, DECEMBER 9, 1948) 


The end-results of surgical treatment of rectal 
cancer are much better than is generally supposed. 
Expressed in round numbers the following records 
at St. Mark’s Hospital, London, show that almost 
half the patients who survive the operation of 
excision of the rectum for cancer are alive after 
five years. This is particularly satisfactory in view 
of the fact that surgeons at this hospital adopt a 
bold and enterprising policy towards rectal cancer, 
and their operability rate has now reached the 
astonishing figure of more than 80 per cent. The 
general operability rate for rectal cancer in other 
London hospitals has been variously estimated as 
being below 50 or even below 30 per cent 
The object of this paper is to show how depen- 
dent five-year survival rates are upon pathology, 
especially on the histology of the primary tumour 
and on the extent of local and lymphatic spread. 
The present analysis is based on 716 cases treated 
by radical excision between 1928 and 1941 inclu- 
sive. Only twelve of this series of 716 patients 
could not be traced for a period of five years. 
These have been regarded as having died, which 
is weighting the scales unfavourably, but being 
few in number their effect either way is slight. No 
distinction has been made between deaths due to 
recurrence and those due to other causes. There- 
fore the figures are true survival rates: they record 
only the number of operation survivors still alive 
after five years. 

The general results of the surgical treatment of 
rectal cancer at St. Mark’s Hospital in the years 
1928 to 1941 inclusive were that 337 out of 716 
patients were alive after five years — that is 41.7 
per cent (Table I). Approximately half these 
patients were treated by perineal and half by a 

TABLE I 


results of surgical treatment of rectal cancer* 


Opera- 

Untraccd 

Died in less 

Alive 

%or 

lion I 

(regarded 1 

than 5 years 

i at 

5-vear 

survivals 

i 

as dead) i 

(from any 
cause) 

5 Years 

l 

survivals 

716 

12 

367 

337 

47.1 


• All operated on at St. Mark’s Hoxrital to 1941 

inclusive (operation deaths excluded!. 


combined operation. In cases without lymphatic 
metastases the percentage of five-year survivors 
was approximately the same whatever the opera- 
tion. but for patients with lymphatic metastases 
the combined operation results were approximately 
16 per cent better than those for perineal excision. 

No doubt there are many factors which influence 
the end-results of the surgical treatment of rectal 
cancer, such as the skill of the surgeon, the nursing 
facilities available, the after-treatment, and also 
social and individual factors which need not be 
mentioned, but in a large series of cases like this 
it 'is easy to show that the chief factor affecting 
five-year survival rates is the pathology of the 
disease at the time of operation, especially the 
extent of local, venous, and lymphatic spread. 

Histological Classification of Rectal Cancer 

According to its histology, rectal cancer can be 
divided into three main groups — adenocarcinoma, 
colloid carcinoma, and carcinoma simplex. Each 
of these has a distinctive histological pattern which 
is of significance in relation to prognosis. The 
chief features of each group are given in the fol- 
lowing paragraphs. 

Adenocarcinoma (non-mucinous columnar-celled 
carcinoma). — This growth is composed of colum- 
nar or cubical cells arranged for the most part in 
a tubular or acinar pattern surrounding glandular 
spaces which may be irregular in shape and either 
empty or partly filled with cellular debris. The 
distinctive feature of this variety of carcinoma is 
that there is no sign of mucus secretion cither in 
the cells or glandular spaces. This is the com- 
monest variety of rectal cancer. It may be further 
subdivided according to the degree of differentia- 
tion of the tumour cells into three subgroups: 
(1) low grade of malignancy, (2) average, and (3) 
high grade of malignancy. Follow-up records show 
that approximately 60 per cent of the patients 
marked low grade have survived five years, whereas 
less than 30 per cent of the patients marked high 
grade have lived for this period after operation. 
One reason for the influence of histology* on prog- 
nosis becomes obvious when \vc compare the inci- 
dence of lymphatic metastases in various grades. 
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TABLE II 

RELATIONSHIP OF HISTOLOGICAL GRADES TO INCIDENCE OF 
LYMPHATIC METASTASES (1,807 CASES) 


Grade of 
tumour 

Total 

cases 

Cases with 
metastases 1 

% with 
metastases 

Low grade 

190 

35 

18.4 

Average grade . . 

1162 

515 

44.3 

High grade 

" 455 

356 

78.2 


The figures for 1,807 cases of rectal cancer are 
set out in Table II, from which it will be seen 
that metastases were found in only 18.4 per cent 
of “ low grade ” tumours but were present in 78.2 
per cent of “ high grade ” tumours. 

Colloid carcinoma (mucoid, or mucus-secreting 
carcinoma). — This has a similar basic structure to 
adenocarcinoma but differs in that mucus is 
secreted. When stored in individual cells the 
mucus gives rise to a “ signet ring ” appearance, 
but if secreted into glandular spaces the epithelial 
cells often seem to be relatively few in number, 
being found only at the margin or floating in the 
secretion. The secretion is not actually “ colloid,” 
but the tumour has long been known as a 44 colloid 
carcinoma,” and it would be confusing to abandon 
this name. Three histological grades of malig- 
nancy may be distinguished in this tumour also, 
though the grading is not so easy nor the prog- 
nostic significance so clear-cut as with non- 
mucinous adenocarcinoma. Colloid carcinoma is 
the second commonest variety of rectal cancer, 
composing about 20 per cent of all cases. 

Carcinoma simplex (anaplastic polygonal-celled 
carcinoma). — This term is used to describe an 
anaplastic type of carcinoma composed of poly- 
gonal or spheroidal cells destitute of any glandu- 
lar arrangement and not showing any mucus secre- 
tion. The tumour cells are scattered about singly 
or in small clusters, or they may be arranged in 
a solid trabecular or alveolar pattern. It may be 
difficult at first to decide whether the growth is a 
sarcoma or a carcinoma, but some part of the 
tumour generally has features characteristic of car- 
cinoma. These anaplastic tumours show a special 
tendency towards metaplasia, and though the 
growth has originated in columnar epithelium there 
may be regions resembling squamous-cell or transi- 
tional-ccll carcinoma. These tumours are all of 
' a high grade of malignancy, have generally caused 
widespread lymphatic metastases, and have a bad 
prognosis. 

Influence of Local Spread 

The extent of local spread in rectal cancer can 
often be decided by cutting a thin slice with a 


sharp knife through the region in which there 
appears to be deepest penetration into the bowel 
wall or surrounding tissues. The boundaries of 
local spread arc most clearly seen when a malig- 
nant tumour begins to spread into the fatty tissue. 
The final decision as to extent of spread must of 
course depend on the result of the microscopic 
examination of sections, but the only cases in 
which there is likely to be much discrepancy are 
septic growths or highly anaplastic tumours, or 
those cases in which there is an abscess at the 
margin, or fibrosis is found following infection or 
radiation. 

It is useful to have a simple method of recording 
the extent of local spread and of correlating this 
with lymphatic or venous spread. The system we 
have used at St. Mark’s Hospital for many years 
is to classify patients who have been treated by 
radical excision into four groups according to the 
extent of spread of the disease as revealed by the 
examination of the operation specimen. In the 
first or initial stage the growth is limited to the 
bowel, and the patient at this stage is described 
as an “ A ” case. The prognosis after surgical 
treatment of such cases is excellent. The second, 
stage is reached when the malignant tumour has 
spread by direct continuity into adjoining struc- 
tures but not yet given rise to lymphatic metastases. 
At this stage a patient is described as a “ B ” case, 
and experience has shown that such patients 
also have a relatively good prognosis after 
surgical treatment. The third stage is reached 
when the malignant growth has spread still 
further and given rise to lymphatic metastases. 
Patients at this stage are known as “ C ” cases. 
If the malignant growth has spread to distant 
organs such as the liver, this is described as the 
fourth stage. 

The examination of operation specimens of 
rectal cancer has shown that in about 15 per cent 
of cases the growth is still at the first stage and 
confined to the rectum only. In approximately 
35 per cent there is some local extra-rectal spread 
but no lymphatic metastases, and in the remainder 
the tumour has reached a later stage and lymphatic 
metastases are present. These proportions have 
remained fairly constant from year to year though 
varying slightly with the operability rates at dif- 
ferent periods. The influence of local spread can 
be shown in a very convincing way by comparing 
the prospects of patients in the first and second 
stages of the disease — the so-called A and B cases. 
Between 80 and 90 per cent of A patients have 
survived five years, but only 60 to 70 per cent of 
the B cases. 
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Influence of Venous Spread 
When operation specimens of intestinal cancer 
are dissected, evidence of extension within veins 
may be found in 10 to 15 per cent of cases, and 
this usually assumes the form of a sojid cord 
extending a short distance only. The intravascu- 
lar growth preserves its continuity with the primary 
tumour , and is no more than a special form of 
direct local extension. It is as if the malignant 
tumour, having found a path of least resistance, 
has pushed a root-like process along the lumen 
of the vein. This is much the commonest mani- 
festation of venous spread, but occasionally one 
finds also a massive permeation of the haemor- 
rhoidal veins accompanied by thrombosis. In both 
types of venous spread the growth within the veins 
has obviously been derived from the primary 
turrlour and still remains in contact with it. Veins 
may also be secondarily invaded from neighbour- 
ing lymphatic metastases, but evidence is rare. 

Intravascular spread is most often found in ana- 
plastic varieties of carcinoma, being present in 
more than 30 per cent of tumours reported as high- 
grade but in less than 3 per cent of those marked 
low-grade of malignancy. The veins are seldom 
invaded until the tumour has spread by direct 
continuity through the wall of the bow T el. 

It is not easy to express the prognostic signifi- 
cance of venous spread. The presence of carcinoma 
cells within the veins of an operation specimen 
w'ould seem at first to be of very sinister signifi- 
cance, but it has not proved to be as bad as might 
be expected. All that can be said is that the find- 
ing of clumps of carcinoma cells within a vein 
certainly makes it more likely but does not defi- 
nitely prove that spread to the liver or other 
viscera has already taken place. Post-mortem 
examinations on patients who have died soon after 
operation for rectal cancer have show'n that exten- 
sion to the liver has occurred in only half the cases 
in w’hich the dissection of the operation specimen 
had showrn involvement of veins. On the other 
hand hepatic metastases have been found w’hen 
the examination of the operation specimen failed 
to reveal any evidence of intravenous extension. 
Wc must remember there is this fundamental dif- 
ference between venous and lymphatic spread. 
Lymphatic metastases remain fixed in the glands, 
and if lymphatic spread has occurred it leaves a 
permanent footprint, so to speak. Venous emboli 
on the other hand may leave no track behind them. 

Concealed and unsuspected hepatic metastases 
account for many deaths in the first year or two 
after operation for intestinal cancer. On the other 
hand there is ample evidence that patients may 


remain in good health for many months or even 

years in spite of hepatic metastases. 

- 

Influence of Lymphatic Spread 

Success or failure in the surgical treatment of 
rectal cancer depends very largely on the extent of 
lymphatic spread. Therefore no pathological 
report on an operation specimen is complete with- 
out examination of the lymphatic glands, and in 
rectal cancer it adds greatly to the value of a report' 
if the position of metastases-is recorded. To do 
this the glands should be dissected out from the 
perirectal fat, a scale drawing being-made at the 
same time ta indicate their position. The glands 
are then numbered and blocked in groups. After 
microscopic examination the position of metastases 
is marked on the diagram by inking in the affected 
glands. An alternative method is to remove the 
glands in tw'o groups: (1) those in the immediate 
vicinity of the tumour and (2) the topmost glands 
situated w'here the vascular pedicle is ligatured. 
If an operation specimen is dealt with in this way 
it is possible to say not only how' many glands con- 
tain metastases but also where these metastases 
w r ere situated. Our practice at St. Mark’s Hos- 
pital is to attach to the report two photographs, 
one of the operation specimen showing the posi- 
tion and size of the primary tumour, the other 
a photograph of a scale drawing made after a dis- 
section of the glands and blood vessels, and in this 
the position of the primary tumour is indicated by 
shading and the extent of local spread by stippling. 
Glands and blood vessels not containing growth 
are merely outlined, but cancerous deposits are 
recorded in black. 

The dissection of operation specimens of rectal 
cancer has show’n that the first glands to receive 
metastases are almost invariably those lying nearest 
to the primary tumour. In the case of growths 
of the lower third and ampulla of the rectum the 
first metastases are found in the pararectal glands 
on the same level with or immediately above the 
primary tumour. The next glands to be affected 
are the superior haemorrhoidal, w'hich arc usually 
invaded in sequence from below' upwards. In an 
advanced case of cancer of the lower third or 
ampulla the metastases come to form an unbroken 
chain extending from the regional croup of glands 
to those situated at the point of ligature of the 
inferior mesenteric vessels. Occasionally a case 
is met with in which a metastasis is present high 
up in the chain of haemorrhoidal glands though 
those at a lower level arc free from deposits. This 
may be due to an anomaly whereby some lym- 
phatic trunks by-pass glands cn route and pass 
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directly upwards to reach the glands in the recto- 
sigmoid region. 

The general direction of lymphatic spread for 
growths situated in the upper third of the rectum 
and recto-sigmoid region is also upwards, and it is 
very rare to find metastases in glands below the 
primary tumour, though this may occur if the 
upward spread is blocked. Downward spread of 
this character has been met with in less than 1 
per cent of cases. Evidence of lateral lymphatic 
spread may sometimes be seen in tumours situated 
in the lower third of the rectum, but even in these 
situations it would seem that the upward path is 
the main highway of lymphatic drainage and is the 
one most commonly taken by cancerous emboli. 

The overwhelming influence on prognosis of 
lymphatic spread in rectal cancer is shown by the 
fact that the five-year survival rate at St. Mark’s 
Hospital for cases with lymphatic metastases has 
been only 26.2 per cent whereas 68.1 per cent of 
the patients without metastases have survived five 
years (Table III). These figures are for all types 
of radical excision, but when a comparison is made 
of the results of perineal and combined operations 
the unfavourable effect of lymphatic metastases is 
seen to be much more pronounced after perineal 
than after combined excision. The five-year sur- 
vival rate of perineal excision in cases with lym- 
phatic metastases has been only 17.4 per cent 
compared with the 33.3 per cent for the combined 
operation (Table IV). The reason for this is 
because metastases in the upper haemorrhoidal 
glands may be removed by a combined though 
not by a perineal excision. 

Since survival after operation depends, so much 
on the position of metastases, we have adopted 
the plan of dividing patients with metastases 
(so-called C cases) into two groups. A case is 


TABLE III 

INFLUENCE OF LYMPHATIC SPREAD ON FIVE-YEAR SURVIVAL 
RATE AFTER EXCISION OF THE RECTUM* 



1 Operation 
survivals 

Alive 
at 5 
years 

%0f 
5-year ' 
survivals 

Cases without lymphatic 


243 

. 68.1 

metastases (A and B) 
Cases with lymphatic 

357 

94 

26.2 

metastases (C) . . 1 

359 


* Based on all cases operated on at St. Mark’s Hospital 1928 to 
1941 inclusive. 


described as Cl if the regional glands alone con- 
tain metastases, whereas if there is more exten- 
sive lymphatic spread involving also the glands 
at the point of ligature of the blood vessels the 
case is classified as C2. This has proved useful 
because patients with only a few regional lym- 
phatic metastases have a moderately good prog- 
nosis after radical surgical treatment, but with more 
extensive lymphatic spread the prospects of cure 
are not so good. Obviously both the position and 
number of metastases is important. Patients with 
less than four or five lymphatic metastases fairly 
often survive five years, but this fifth anniversary 
is rarely reached by those with more than five 
metastases. So here in conclusion is a simple 
generalization with regard to rectal cancer which 
it is easy to remember : patients with five or more 
metastases rarely live for five years. 

Summary 

A pathological report on a case of rectal cancer 
should include a description of the histology of 
the growth and an estimate of the extent of local 
venous and lymphatic spread. These pathological 
features are all interrelated, but- each also has its 
own significance in relation to prognosis. 


TABLE IV 

COMPARISON OF FIVE-YEAR SURVIVAL RATES AFTER PERINEAL AND COMBINED EXCISION* 



Group 

Operation 

survivals 

Untraced 
(regarded 
as dead) 

Died in less 
than 5 years 
(from any cause) 

Alive . 
at 5 - 
years 

%of 

5-year 

survivals 

Perineal excision . . 

A 

1 59 (16.8%) 

2 


47 

79.7 


B 


3 


79 



C 

161 (46.1%) 

3 

KJH 

28 

17.4 


Total 

350 

8 

188 

154 

Wm Hi 

Combined excision 

A 

46 (12.6%) 




39 

84.8 ■ 


B 

122 (33.3%) 

1 


! 78 

63.9 


C 

198 (54.1%) 

3 


66 

33.3 


Total . . 

1 

366 


179 

183 

50 . 0 1 


* St, Mark’s Hospital cases 1928 to 1941 inclusive (operation deaths excluded). 
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THE IRON RESERVE OF A NORMAL MAN 

BY 

MARTIN HYNES 
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(RECEIVED FOR PUBLICATION, FEBRUARY 22, 1949) 


No one seems to have attempted to measure 
the reserve of iron available for haemoglobin 
synthesis in man. Hahn (1937) estimated that 57 
per cent of the total iron in a dog was contained 
in the blood haemoglobin, 20 per cent was stored 
in a form potentially available for haemoglobin 
synthesis, and 23 per cent was bound in myohaemo- 
globin, cell enzymes, etc., and was not available for 
haemoglobin formation. The available iron reserve 
of the dog was thus sufficient to replace about one- 
third of its circulating haemoglobin, and clinical 
experience of unassisted recovery from acute 
haemorrhage suggests a similar figure in man. 

The rate of haemoglobin regeneration after 
haemorrhage depends upon the stimulus to and 
response of the marrow as long as iron is freely 
available. A normal man can draw upon his iron 
reserve as well as upon dietary iron for blood 
regeneration after acute haemorrhage, but if his 
iron reserve is depleted by repeated haemorrhage 
the rate of haemoglobin regeneration is limited by 
the dietary iron available. Thus if a man is kept 
anaemic by repeated bleeding, -his rate of haemo- 
globin regeneration will fall progressively until, 
when his iron reserve is exhausted, a constant level 
is attained. This principle has been used in this 
experiment to calculate the ,size of the available 
iron reserve of a normal man. 

Material and Methods 

The subject was a man 37 years old weighing 63 kg. 
He had lived on the normal English civilian diet since 
his discharge from the Army sixteen months before 
the experiment began. 

He was bled every weekday an hour and a half 
after breakfast, having sat down for 30 minutes before 
the venepuncture. Anaemia was established by two 
blood donations of 800 and 900 ml. respectively. The 
amount of blood removed daily for routine tests was 
at different times, 5.5, 6.5, and 20 ml., as indicated in 
Figs. 1 and 2. In all, 2,750 ml. of blood were re- 
moved during the 136 days of the experiment. 

The vein for venepuncture was not compressed in 
any way. Wintrobc’s dry oxalate mixture was used 


as anticoagulant, and pipettes w'ere filled immediately, 
before sedimentation had begun. All estimations 
were made in duplicate. Haemoglobin was estimated 
photo-electrically as oxyhaemoglobin. The optical 
density of a 1/201 dilution of blood in 0.4 per cent 
ammonia was measured in a Spekker absorptiometer 
calibrated against iron determinations on washed red 
cells, with a suitable correction for the plasma conr 
tent of whole blood. Red cell counts, Wintrobe 
haematocrit determinations, and reticulocyte counts 
were made in the usual way. Serum and plasma 
specific gravities w’ere estimated by the copper sul- 
phate specific gravity technique of Phillips and 
van Slyke (1945). 

The daily rate of haemoglobin regeneration was 
calculated from the best-fitting polynomials to the 
observed haemoglobin levels in each period of the 
experiment. 

Results 

The course of the blood haemoglobin level is 
shown in Figs. 1 and 2. (No blood was taken 
during the interval of nine days between the two 
charts.) It will be observed that there was a rela- 
tively wide day-to-day fluctuation in the haemo- 
globin level. This was closely paralleled by fluc- 
tuations in the haematocrit value and serum 
specific gravity, showing that even under the 
standard conditions of the experiment there was 
a day-to-day variation of about ± 5 per cent in 
the plasma volume. These random fluctuations 
were excluded from the calculation of haemoglobin 
regeneration by the statistical fitting of curves to 
the data. 

The falls in haemoglobin level after the two 
large venesections corresponded to a blood volume 
of 5.3 and 5.5 litres respectively, in good agree- 
ment with a value of 5.45 litres previously obtained 
by the Evans blue technique. It will be observed 
that the haemoglobin level did not reach its nadir 
for a few days after the venesection ; evidently the 
compensator}' increase in plasma volume occupied 
this interval. 

If the blood volume and amount of blood with- 
drawn daily arc known, it is easy to calculate the 
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Fig. 1. —Blood haemoglobin levels during repeated bleeding. 

daily utilization of iron for haemoglobin regen- 
eration in excess of the normal replacement of 
effete red cells. The lower curves on Figs. 1 
and 2 show this value, which fell to a mini- 
mum on day 45 and thereafter remained constant. 


We may deduce that the sub- 
ject’s iron reserve was finally 
exhausted at this time. 

The size of the available 
iron reserve was calculated as 
follows: The initial blood 
volume at day 6 was 5.3 litres, 
the haemoglobin level 15.2 g. 
per 100 ml., and the total 
circulating haemoglobin iron 
53 x 15.2 x 3.34 = 2,690 mg. 
The final blood volume at day 
125 was 5.7 litres (see below), 
the haemoglobin level 13.2 g. 
per 100 ml., and the total 
circulating haemoglobin iron 
57 x 13.2 x 3.34=2,510 mg. 

A total of 1,190 mg. of 
iron was removed by vene- 
puncture during the interval. 
We therefore have the equa- 
tion : 

R + 2,690- 1,190 -ky ==2,510 
or R = 1,010 — y ........ (1) 

where R is the initial iron re- 
serve in mg., and x the total 
iron absorbed and retained from the food. 

We may obtain an estimate of y by considering 
the periods from days 62 to 102 and 104 to 123 
inclusive, when the iron reserves were completely 
exhausted and iron absorption from the food was 


blood 

haemoglobin 

LEVEL 

g. per lOOml. 


16 — 

14 — 

12 — 
30 r 

DAILY UTILIZATION 
OF IRON (mg) FOR 2 oj— 

HAEMOGLOBIN 
REGENERATION. 


BLOOD REMOVED 

JW-w tot lulu Iww mui 



IO 

o 


■ L_ 
60 


_1_L 

70 


~IcT 


90 




IOO 


J. 


no 


120 130 

c , DAYS ' 

Fig. ..-Response of blood haemoglobin to repeated bleeding after exhaustion of the iron reserve. 



NORMAL IRON RESERVES 


101 


maximal. In the first of these periods,, when 
6.5 ml. of blood were- removed daily, the haemo-. 
globin level was increasing at the rate of 0.0844 g ./ 
litre/ day, and the iron utilized daily for this, 
increase amounted to 0.0844 x 3.34 x V mg., where 
V is .the blood volume in litres. The blood 
removed during these 41 days contained 104 mg. 
of iron. If, therefore, F mg. is the mean daily 
amount of iron utilized for haemoglobin regenera- 
tion in excess of the normal replacement of effete 
red cells, we have: 

F-— =0:0844 x 3.34V (2) 

41 

From days 104-123, when 20 ml. of blood were 
removed daily, the haemoglobin level fell at the 
rate of 0.2075 g./litre/day ; 161 mg. of iron was 
withdrawn in blood in the 20 days, and 
consequently: 

F - ~ = -0.2075 x 3.34V (3) 

Combining equations (2) and (3) we have: 

V = 5.7 litres F— 4.1 mg. 

We may assume that the iron absorption was 
maximal from day 46, when the iron reserves 
' were exhausted, so that the minimum value to be 
assigned to x in equation (1) is 80x4.1=328 mg. 
The value of F in the first part of the experiment 
remains unknown, since it rose from zero on 
day 6, when the blood count was normal, to a 
maximum value of 4.1 on or before day 46. If 
wc take F as zero for these 40 days, x in equation 


(1) will be underestimated as 328 mg., whereas 
if we take F as 4.1 mg. throughout the experiment,^ 
x will be overestimated as 492 mg. The iron 
reserves therefore lie between: 

R= 1,010-328 = 682 mg. and R= 1,010-492=518 mg. 
The intermediate value of 600 mg. may be taken 
as a reasonable approximation. 

Discussion 

This experiment would have required much 
more stringent control of the dietary iron intake 
but for the fortunate fact that our present ration- 
ing system does not permit any substantial varia- 
tion of the diet. It is thus reasonable to assume 
that the iron intake was the same over any period 
of two or three weeks during the course of the 
experiment. 

The conclusions drawn from this experiment are 
based upon the assumption that the supply of iron 
was the limiting factor in blood formation. The 
marrow must normally replace effete red cells at 
a rate corresponding to the production of 45 ml. 
of blood daily, and the loss' of a further 6 or 7 ml. 
daily would not impose any great strain if the 
supply of raw materials were adequate. More- 
over, it is common experience that the daily 
increase in the red cell count in the cure of 
anaemia corresponds to the production of 15 g. 
of haemoglobin a day, and only 0.9 g. was with- 
drawn daily during most of this experiment Even 
the final withdrawal rate of 2.5 g. of haemoglobin 



Fig. 3.— The decline in mean corpuscular volume and haemoglobin concentration 

with repeated bleeding 
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a day would scarcely strain the capacity of a 
marrow already made hypertrophic by 96 days of 
anaemia. The supply of accessory factors would 
presumably be adequate, for nutritional macrocytic 
anaemia is rare in this country. 

These assumptions are confirmed by the fact 
that both the mean corpuscular haemoglobin con- 
centration and mean corpuscular volume after a 
preliminary rise fell steadily during the experi- 
ment (Fig. 3). Both the rise and the subsequent 
fall were statistically significant, for the data could 
only be satisfactorily fitted by cubic and quartic 
curves respectively. The final proof, however, was 
when, after day 123, the daily withdrawal of 20 ml. 
of blood was maintained, but full doses of iron 
were given by mouth. After a short interval the 
rate of haemoglobin regeneration rose steeply. 

It is sometimes believed that iron-deficiency 
anaemia due to haemorrhage is accompanied by 
a reticulocytosis which serves to distinguish it from 
other forms of hypochromic anaemia. This view 
was not, however, borne out by this experiment. 
The reticulocyte count did rise from 0.2 per cent 
at the beginning of the experiment to 0.4 per cent 
when the rate of haemoglobin regeneration was 
maximal, but it fell again thereafter, and was only 

0.1 per cent when 20 ml. of blood was being 
withdrawn daily and the haemoglobin level was 
falling. When iron was administered the reticulo- 
cyte count rose to 0.7 per cent. 

The estimated value of 600 mg. for the iron 
reserve available for haemoglobin synthesis was 
sufficient to replace about one-fifth of the subject’s 
red cells. The relative smallness of this reserve 
emphasizes the importance of iron therapy after 
any substantial haemorrhage. 

The experiment further showed that the present 
British diet can afford some 4 mg. of iron a day 
- for haemoglobin synthesis, in addition to the 1 mg. 
or so needed daily to replace iron excreted in the 
bile and urine (Hynes, 1948). The subject’s esti- 
mated total iron intake was of the order of 15 mg. 
a day, so that about one-third of this total 
was physiologically available for absorption and 
haemoglobin synthesis. 

This potential dietary surplus of 4 mg. of iron 
a day is a very small margin — it would be balanced 
by a loss of only 8 ml. of blood a day. The body 
must depend almost entirely on its available iron 
reserve for rapid recovery from haemorrhage, for 
the dietary iron suffices for a haemoglobin increase 
of only 0.15 g. per 100 ml. per week. 


There is still some doubt as to the safe interval 
between blood donations for transfusion. If, as 
is usual, 450 ml. of blood is taken from a normal 
man, it will contain some 240 mg. of iron. This 
amount will be rapidly taken from the available 
reserve to reconstitute the haemoglobin level, 
whilst the reserve will be more gradually 
replenished from the dietary iron. If iron 
absorption were immediately maximal the pro- 
cess would take 60 days. A normal woman 
requires about 1 mg. of iron a day to replace 
menstrual losses, so that the replacement of 
220 mg. of iron from a blood donation of 450 ml. 
would require 73 days if iron absorption were 
maximal from the beginning. Thus a cumulative 
iron deficiency would not follow even in normal 
women, unless blood were donated more than five 
times a year. Even moderate menorrhagia, how- 
ever, might of itself cause iron losses equivalent 
to more than 4 mg. daily. 

Summary 

1. The iron reserve of a normal man was esti- 
mated by bleeding him until his rate of haemo- 
globin regeneration fell to a constant level. The 
daily absorption of iron from the food, in excess 
of the normal requirement to replace effete red 
cells, was calculated from the different rates of 
haemoglobin regeneration when 6.5 and 20 ml. 
of blood respectively were withdrawn daily after 
exhaustion of the iron reserve. 

2. The iron reserve was thus calculated to be 
about 600 mg. 

3. It was calculated that the present English 
diet can yield 4 mg. of iron daily for haemoglobin 
synthesis in addition to the normal needs for 
replacing effete red cells. . 

4. This extra 4 mg. of iron would replace a loss 
of only 8 ml. of blood a day by an ordinary man. 

5. The iron reserve would not be depleted by 
blood donations of 450 ml. as often as five times 
yearly by a man or by a woman with normal 
menstrual loss. Moderate menorrhagia, however, 
could of itself demand more than the available 
4 mg. of extra iron. 
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ELUTION OF AN INCOMPLETE TYPE OF ANTIBODY 
FROM THE ERYTHROCYTES IN ACQUIRED 
HAEMOLYTIC ANAEMIA 


BY 

P. KIDD 

From the London Hospital Medical College 
(RECEIVED FOR PUBLICATION, AUGUST 21, 1948) 


A notable advance in the study of the haemolytic 
anaemias was made by Boorman, Dodd, and Loutit 
(1946), who showed that it was possible to differen- 
tiate between the congenital and acquired types 
of acholuric jaundice by submitting the washed 
erythrocytes from these patients to the action of 
an anti-human globulin serum (Coombs and others, 
1945). The erythrocytes of 17 patients with con- 
genital familial type were not agglutinated under 
these conditions, whereas those from seven patients 
with clinically acquired type, were all agglutinated 
and so presumably had antibody globulin adsorbed 
to their surface. No free antibody w r as found in 
the. scrum from these cases, probably because all 
circulating antibody was fixed on the erythrocytes. 

During a personal study of six patients with 
acquired haemolytic anaemia the washed erythro- 
cytes of all cases V'ere found to agglutinate strongly 
with an anti-human globulin serum. Correspond- 
ing antibody of the “ incomplete ” type (Race, 
1944) was not, however, found free in the serum 
of any of these cases, although cold agglutinin of 


low titre was present in the serum of two of them. 

In order to elucidate further the nature of the 
antibody adsorbed upon the erythrocyte in these 
patients it seemed necessary to attempt to dis- 
sociate the antibody from its "union with the 
erythrocyte. After a number of tentative experi- 
ments a satisfactory technique for this purpose v*as 
elaborated, and the results presented provide direct 
evidence that an antibody of “ incomplete ” type 
is adsorbed on the erythrocytes in these cases. 
Some in vitro properties of this antibody were also 
investigated. 

Materials and Methods 

A brief summary of the pertinent clinical and 
haematological findings in the patients studied is 
given in Table I. Venous blood samples were 
obtained with a dry syringe and immediately de- 
fibrinated by stirring with a glass rod. Samples were 
examined before and after splenectomy in Case 4. In 
the remaining cases all the samples examined were 
collected at varying intervals after splenectomy had 
been performed. 


TABLE I 


MAIN CLINICAL AND HAEMATOLOGICAL FINDINGS IN SIX CASES OF ACQUIRED HAEMOLYTIC ANAEMTA 


Case 

Age 

Sex 

Red cells 
10 s per 
c.mm. 

Haemo- 
globin 
per cent 
(Haldane) 

Reticulo- 
cytes 
per cent 

Serum 
bilirubin 
mg. per 
100 ml. 

Osmotic 

fragility 

Auto- 

agglu- 

tination 

Direct 
Race — 

; Coombs 

j test 

Treat- 

ment 

1 

74 

M 

2.8 

60 

■ 

3.2 

Slightly 

nused 

Absent i 

j 

•{- + +■ 

Spl. 

2 

33 

M 


30 



Normal 

Absent j 

xrj. 

Spl. 

3 

66 

F 

1.66 

36 


3.6 

Normal 

Present 
(trace) j 

4-4-4- i 

1 Spl. 

1 

4 

43 

F 

1.0 

32 

18.0 

3.6 

Normal 

Present 

(marked) 

J ! 

! Spl. 

i 

5 

46 

F 

2.85 

71 

11.8 

2.0 

i Normal 

Absent 

rrr ] 

; spi. 

6 

28 

M 

2.5 

52 

15.0 

2.8 

| Normal 

Absent 


| Spl. 


Spl. - Splenectomy 
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Anti-human globulin scrum. — Rabbits were immu- 
nized with two doses of the globulin precipitate from 
7.5 ml. of Group O human serum dialysed against 
distilled water for forty-eight hours, followed by two 
doses of 1 ml. of whole serum. The injections were 
given into the ear vein at five-day intervals and the 
animals bled seven to ten days after the last injection. 
After suitable adsorption with a mixture of packed 
washed human erythrocytes of Groups A, B, and O, 
the working dilution of the serum was found by test- 
ing it against erythrocytes sensitized with a serum 
containing incomplete anti-Rh antibody. A dilution 
of 1/20 to 1/40 gave rapid agglutination of the test 
cells at 37° C. 

pH measurements. — These were made with the glass 
electrode unless otherwise stated. 

Citrate-HCl buffer M/10 (Sorensen ). — pH 3.2 to 
3.4. This was prepared according to the directions 
given by Clark (1928). 

Elution of antibody, — This was effected by a modi- 
fication of the procedure used by Landsteiner and 
van der Scheer (1936) to dissociate azostromata- 
antibody complexes. The dilute acetic acid used by 
these workers was replaced by M/10 citrate-HCI 
buffer at pH 3.2 to 3.4. The procedure adopted was 
as follows. 20-50 ml. of whole blood was centri- 
fuged, the plasma removed, and the erythrocytes 
washed three times with physiological saline. An 
equal volume of distilled water was then added to 
the packed cells and the mixture lysed by repeated 
freezing and thawing. Erythrocyte stroma was then 
prepared according to the principle of Jorpes (1932). 
The lysed blood was diluted with a further five 
volumes of distilled water and the stroma precipitated 
by adjustment of the mixture to pH 5.6 to 5.8 by 
addition of the minimal necessary quantity of N HC1. 
The precipitate removed by gentle centrifugation was 
then freed as far as possible of haemoglobin by 
repeated washing with M/15 phosphate buffer at 
pH 5.6 to 5.8. To one volume of washed packed 
stromata was then added 2 to 3 volumes of the 
citrate-HCI buffer, and after thorough mixing the 


pH was readjusted, if necessary, to between pH 3.2 
and 3.4 by the addition of N/l HCI. After leaving 
the mixture for 10 or 15 minutes at room tempera- 
ture the stromata were separated by centrifugation 
and the supernatant removed and rapidly adjusted to 
pH 7.2 to 7.4 by the dropwise addition of 5N NaOH, 
using phenol red as an external indicator. During 
neutralization a heavy precipitate of stroma protein 
separated, carrying down with it most of the residual 
colour in the solution. This precipitate was removed 
and the supernatant cluatc, now practically colour- 
less or faintly tinged with the brown colour of acid 
haematin, was stored in the frozen state in screw- 
capped bottles over dry carbon dioxide ice. 

Testing of the cluates. — Serial dilutions were made 
in physiological saline and two drops of each dilution 
mixed with two drops of a 2 per cent suspension of 
washed human erythrocytes in small test tubes. In 
comparative tests of titre the erythrocytes of the same 
Group O donor were used throughout. 

After incubation for one hour at 37° C. the erythro- 
cytes 'were washed twice with physiological saline and 
resuspended to approximately 2 per cent 'concentra- 
tion, and then two drops of a suitably diluted anti- 
human globulin serum added to each tube. After a 
further 30 minutes in the incubator the tests were read 
by gently shaking each tube, and the results recorded 
on a rough quantitative scale: 

+ + 4- = Large compact clumps 
4= Clumps just visible to the naked eye 

A control of washed 2 per cent unsensitized cells plus 
two drops of anti-human globulin serum was included 
in each test. 

Results 

Range of erythrocytes affected. — The eluates 
have been found to react with all human erythro- 
cytes tested ; that is to say exposure of the erythro- 
cytes to the eluate results in the 44 coating 11 of the 
erythrocytes with an antibody so that the cells are 
rendered agglutinable after washing and addition 


TABLE II 


EFFECT OF ELUATES ON VARIOUS TYPES OF ERYTHROCYTES 

(1 vol. eluate 4* 1 vol. 2 per cent erythrocyte suspension incubated for 1 hour at 37° G. Cells washed three 
times with saline. Anti-human globulin serum added.) 



Blood group of 
human erythrocytes 

Rhesus 
monkey 1 

Rhesus 
monkey 2 

Mouse 

Guinea 

Pig 

Rab- 

bit 

Rat 

Fowl 

Horse 

Sheep 

A 

B 

0Rh4 

ORh'- 

Case 1 | 

4 44 

444 

44 4 

444 1 

4 1 

+ 







_ 

0 

»» — i 

444 

444 

444 

444 

4 

+ 











.. 3 

4 4 4 

444 

44 4 

4 4 4 
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4 4 4 

+++ 

44 4 

44 + 
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— 
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444 

+ 44 1 

1 
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4 4 4 
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444 
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-f -** 4- ^3 Large clumps 4- = Clumps just visible to naked eye — *= No agglutination 
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of an anti-human globulin serum. This effect is 
quite independent of the ABO and Rhesus group 
of the erythrocytes concerned. To date no human 
red. cell has been found which cannot be fully 
4t coated ” or. sensitized by exposure to the action 
of these eluates. 

There was no appreciable difference in the 
degree of sensitization of erythrocytes from the 
different blood groups by any given eluate. It is. 
concluded, therefore, that the cell receptor involved 
has no relation to' any of the known blood group 
receptors. It is of interest to note that the erythro- 
cytes from two cases of familial acholuric jaundice 
were rendered fully agglutinable in anti-human 
globulin serum by exposure to the eluates from 
Cases 1 to 4. 

Some of the eluates were tested against a range 
of animal erythrocytes. In no case were any of 
the erythrocytes sensitized, with the exception of 
two samples of Rhesus monkey cells ; in this 
instance the agglutination in anti-human -globulin 
serum after exposure to the eluate was very much 
weaker that in the case of human erythrocytes. 

The results are tabulated in Table II. 

Titre of the eluates. — The titre of the different 
eluates was determined using the erythrocytes of 
the same Group O donor. The results are shown 
in Table III. In addition the nitrogen content of 
three of the eluates, obtained by the micro- 
Kjeldahl procedure, is recorded in mg. N„ per 
100 ml. 

TABLE III 

TITRE 5 OF ELUATES AGAINST GROUP O ERYTHROCYTES 
FROM THE SAME DONOR 


** 

Eluate 

Range of titres obtained 
with different preparations 

Nitrogen content 
mg. per 100 ml. 

Case 1 

1/32 to 1/256 

21.0 

„ 2 

Not tested 


„ 3 

1/32 to 1/128 


4 

1/4 to 1/16 


„ 5 

1/64 to 1/128 

19.6 

.. 6 

1/16 to 1/64 

32.0 


Thermal amplitude. — The eluates proved to have 
a wide thermal amplitude. Sensitization after 
holding the eluate and erythrocyte mixture at 
40° C. room temperature, and 37° C., seemed 
equally strong as judged by the degree of agglutina- 
tion on subsequently suspending the washed 
erythrocytes in anti-human globulin scrum. 

Between the limits of 40° C. and 37° C., there- 
fore, union of antibody and erythrocytes seems 
little affected by the temperature at which sensitiza- 
tion is allowed to take place. 


Effect of the eluates on the osmotic fragility of 
normal erythrocytes. — IS! one of the cases studied 
showed any marked increase of osmotic fragility 
in hypotonic saline. The two strongest eluates 
from Case 1 and Case 3 were therefore selected 
for use in these experiments. The experimental 
procedure followed is illustrated by the following 
experiment usings eluate from Case 1. 0.25 ml. 

washed, packed, normal Group O erythrocytes 
plus 0.75 ml. eluate were incubated for one hour 
at 37° C, After washing three times with physio- 
logical saline and packing by centrifugation, 0.1 ml. 
saline was added to the deposit. Strong sensitiza- 
tion of the erythrocytes was confirmed at this stage 
by the finding of rapid agglutination of the 
erythrocytes on testing with anti-human globulin 
serum. A control of 0.25 ml. packed erythrocytes 
plus 0.75 ml. physiological saline was taken 
through the same manipulations. After thorough 
mixing 0.02 ml. aliquots of the two cell mixtures 
were distributed into a range of tubes containing 
5 ml. quantities of hypotonic saline ranging from 
0.3 to 0.7 g. per 100 ml. in steps of 0.05 g. per 
100 ml., and a tube for complete haemolysis con- 
taining 5 ml. of 0.4 per cent ammonia. After 
standing for two hours at room temperature all 
tubes \vere centrifuged for ten minutes at 2,500 
r.p.m. and the optical density of the supernatant 
was then measured in a photo-electric colorimeter 
using an Ilford 604 filter. The percentage haemo- 
lysis in each tube was then calculated. As a result 
of a number of similar experiments it w*as found 
- that exposure of normal erythrocytes to the eluates 
from Case 1 and Case 3, even when the erythro- 
cytes were sensitized in the presence of the patient’s 
fresh serum, did not significantly alter their 
resistance to hypotonic saline. 

Action of the eluates in the presence of com- 
plement — It was obviously of interest to deter- 
mine whether normal erythrocytes fully sensitized 
by these eluates would be haemolvsed on addition 
of complement It was soon found that the amount 
of citrate present in the eluates was sufficient to 
inactivate 6 to 8 M.H.D. of complement. The 
tests were therefore conducted by allowing the 
erythrocytes to react with the eluates for one hour 
in the 37° C. waterbath, after which they were 
washed three times with saline to remove all traces 
of buffer, and resuspended to 2.5 per cent concen- 
tration. To 0.25 ml. of the sensitized red cell sus- 
pension 0.5 ml. physiological saline and 0.25 ml. 
of complement dilutions containing 3 and 6 M.H.D. 
were then added, and the tubes kept at 37® C. for 
two hours and then at 4 e C. for eighteen hours 
overnight. On removal from the ice chest the 
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tubes were shaken, lightly centrifuged, and 
examined for the presence of haemolysis. Two 
controls were always included: 

1, 0.25 ml. sensitized cells + 0,5 ml. saline + 0.25 
ml. 6 M.H.D. complement dilution previously 
inactivated for 30 minutes at 56° C. 

2. 0.25 ml. unsensitized cells + 0.5 ml. saline + 
0.25 ml. 6 M.H.D. active complement. 

In Cases 1 and 2 and Cases 5 and 6 the results 
were unequivocal. No haemolysis was ever pro- 
duced under the conditions of the experiment. In 
Cases 3 and 4, however, the eluates proved capable 
of causing haemolysis in the presence of com- 
plement. Qualitative experiments showed nearly 
complete haemolysis with 6 M.H.D. and partial 
haemolysis with 3 M.H.D. of complement. Quanti- 
tative estimation of the haemoglobin in the super- 
natant fluid in the two experiments showed with 
the eluate from Case 3 94 per cent haemolysis with 
6 M.H.D. and 73 per cent haemolysis with 3 
M.H.D. of complement. However, in this case 
the control tube containing sensitized cells plus 
inactivated complement also showed 20 per cent 
haemolysis, although the tube containing unsensi- 
tized cells plus 6 M.H.D. active complement showed 
no haemolysis. 

Similarly in Case 4 6 M.H.D. complement gave 
52 per cent haemolysis and 3 M.H.D. 19 per cent, 
whereas the control with inactivated complement 
plus sensitized cells showed 5 per cent haemolysis. 
The control with unsensitized cells plus 6 M.H.D. 
active complement again showed no haemolysis. 
Thus the haemolysis produced in these experiments, 
could not have been entirely dependent on the 
complement activity of the guinea-pig serum, 
although obviously increasing the dose of com- 
plement increased the total haemolysis produced. 
The complete absence of haemolysis with 6 M.H.D. 
of complement and unsensitized cells showed that 
the effect could not have been due to any anti- 
human red cell heterolysin present in the dilutions 
of guinea-pig serum used. 

The eluates used in both these experiments had 
been stored in sealed screw-capped bottles over 
dry carbon dioxide ice for six months. Some 
haemolytic activity developing on storage and 
not related to the antibody content of the eluate 
obviously cannot be excluded. Unfortunately by 
the time these experiments were completed # neither 
of the patients was available for further study so 
that these findings could not be confirmed with 
fresh eluates. On the suggestion of Dr. J. V, 
Dacic erythrocytes fully sensitized with eluates 
from Case 1 and Cases 5 and 6 were suspended in 


fresh human scrum acidified with graded doses of 
HC1 (Dacie and Richardson, 1943). 

0.5 ml. quantities of serum were acidified with 
0.05 ml. of N/10, N/5, N/4, N/3.5, N/3, and 
N/2.5 HC1 respectively. To these aliquots of 
acidified scrum was then added 0.05 ml. of 50 
per cent washed Group O erythrocyte suspension 
previously fully sensitized with the eluate under 
. test. After two hours at 37° C. the tubes were 
lightly centrifuged and the supernatant serum 
examined for the presence of haemolysis. No 
haemolysis was found under these conditions with 
any of the eluates used. 

Blocking experiments. — In order to test the 
hypothesis that the antibody present in these 
eluates might be the “incomplete" form of* the 
cold agglutinin present in the serum of some cases 
of acquired haemolytic anaemia the following 
experiment was carried out. 

Two per cent washed Group O erythrocytes were 
sensitized with sufficient eluate to render the cells 
fully saturated with antibody as judged by im- 
mediate maximal agglutination on suspending a 
sample of the washed erythrocytes in anti-human 
globulin serum and the demonstration of residual 
antibody, in the supernatant eluate. Three lots of 
erythrocytes sensitized with eluates from Cases 1, 
5, and 6, and the same unsensitized erythrocytes, 

. were then made up to 2 per cent suspension and 
used in the titration of a serum from a case of 
chronic haemolytic anaemia known to contain a 
high-titre cold agglutinin. After addition of the 
erythrocyte suspensions to a range of serial serum 
dilutions the tubes were placed in the jee chest at 
4° C. for 18 hours. On removal from the ice chest 
the tubes were lightly shaken and the results read 
macroscopically and microscopically. The end 
point was taken as the last tube showing 
definite microscopic agglutination. The final litres 
obtained with the four lots of erythrocyte suspen- 
sions are shown in Table IV. The 'final titres 
obtained differ by only one tube and there is 
therefore no evidence that the action of the cold 


TABLE IV 

titre of a cold agglutinin against unsensittzed 
AND SENSITIZED ERYTHROCYTES AT 4° C. 


Cell suspension 

Titre of cold agglutinin 

a. Unsensitized 

1/32,000 

b. Sensitized with eluate 
from : 

Case 1 

1/16,000 

Case 5 

1/32,000 

Case 6 

1/16,000 • 
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agglutinin on the erythrocyte was blocked by 
previously “ coating ” the erythrocyte with anti- 
body of the type present in these eluates. 

Discussion 

Since the present work was begun two papers 
have appeared in which the elution of antibody in 
acquired haemolytic anaemia is 'described. Evans 
and others (1946) adduced evidence that the 
erythrocytes in two cases of acquired haemolytic 
anaemia were coated with an immune body which 
could be released and transferred to normal cells 
in vitro. Eluates were prepared from the washed 
erythrocytes of the patients by exposing them to 
the action of saline at 56° C. It was found that 
normal cells were sensitized by these eluates only 
if the cell-eluate mixtures were kept at 5° C. 
overnight and the agglutinability in anti-human 
globulin' serum was .improved by holding the 
cell-eluate mixtures for two hours at 37° C. 
after their removal from the ice chest. After 
five minutes at 56° C. the patients’ washed 
cells were rendered inagglutinable in anti-human 
globulin serum, presumably because of elution of 
the adsorbed antibody. The authors further noted 
agglutination of the patients’ cells in 30 per cent 
bovine albumin and 2 per cent acacia, but not in 
normal human serum. No serum antibodies w r ere 
detected in the first patient studied. In the second 
patient cold agglutinin to a titre of 1/32 and an 
atypical agglutinin active against about 30 per cent 
of Group O cells irrespective of Rhesus and MN 
grouping was found in the serum before any blood 
transfusion had been given. 

Sturgeon (1947) demonstrated an incomplete or 
blocking type of antibody in the serum of three 
patients with acquired haemolytic anaemia with 
the aid of anti-human globulin serum. The titre 
- of free antibody ranged between 1 / 128 and 1/4,096 
in the cases studied. In one case a high titre saline 
cluatc was prepared by incubating the patient’s 
cells or sensitized normal cells in equal volumes 
of saline for 30 minutes at 37° C. or 56° C. This 
was shown to react with cells of all four groups, 
including Rhesus-positive and Rhesus-negative 
cells. It did not react with Rhesus- monkey cells 
or with sheep’s cells. Cells strongly sensitized with 
the cluatc still reacted with anti-A, anti-B, and 
anti-Rh sera in the normal way, thus showing that 
these receptors were not blocked by the new anti- 
body. Normal cells stored for a few days in saline 
could not be sensitized by the cluatc. The anti- 
body was not reduced in potency by exposure to 
70’ C. for ten minutes, but could not be demon- 
strated by the indirect developing test after ten 
minutes at S0 e C. The antibody appeared to be an 


auto-antibody and a pan-antibody, but did not 
react with Rhesus monkey cells. 

The present work confirms many of these find- 
ings, but there are a number of disagreements in 
detail. In all the cases studied it was possible by 
means of the acid buffer elution technique now 
described to elute an immune body from the 
erythrocytes which was capable of sensitizing or 
“coating” normal erythrocytes irrespective of 
their ABO or Rhesus groups and thus rendering 
them agglutinable, after washing with saline, in an 
anti-human globulin serum. Between the limits of 
4° C. and 37° C., union of antibody and erythro- 
cyte was not affected by the temperature at which 
the eluate and erythrocyte mixture was held before 
washing and addition of anti-human globulin 
serum. The eluates did not sensitize the erythro- 
cytes of laboratory animals, with the exception of 
Rhesus monkey cells tested in tw’o instances. 

Saturation of normal Group O erythrocytes with 
the antibody contained in the two highest titre 
eluates did not alter their osmotic resistance to 
hypotonic saline. The reaction of normal Group 
O erythrocytes fully sensitized by eluates from 
Cases 1, 2, 5, and 6 in the presence of fresh 
guinea-pig serum and fresh human serum suitably 
acidified was clear-cut. No haemolysis was ever 
found under these conditions. Using the eluates 
from Cases 3 and 4, however, haemolysis was con- 
sistently produced in the presence of guinea-pig 
complement, but the experiments w T ere complicated 
by the finding of some degree of haemolysis in the 
presence of a 6 M.H.D. complement dilution inacti- 
vated by heating for thirty minutes at 56° C. The 
complete absence of haemolysis of unsensitized 
cells suspended in the same dilution of active com- 
plement was held to exclude the presence of any 
anti-human heterolysin in the dilutions of guinea- 
pig serum used. The possibility that this effect 
was related to prolonged storage of the eluates in 
the frozen state is considered. 

A limited experiment- showed th3t saturation of 
normal eryihrocyies with the antibody contained 
in the eluate from three of the cases did not block 
the action on the erythrocytes of a high-titre cold 
agglutinin present in the scrum of a patient with 
chronic haemolytic anaemia. 

The experiments reported show that the immune 
body present in these eluates reacts with a broad 
antigen present in all human red cells and to a 
lesser extent in Rhesus monkey cells. Although 
direct evidence cannot be produced on this point 
it seems likely that the cell receptor involved is 
closely related to the human species-specific recep- 
tor reacted upon by anti-human red cell sera pre- 
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pared in other species. The general behaviour of the 
antibody, apart from its broader specificity, shows a 
close resemblance to that of the 14 incomplete ” anti- 
Rh antibody and especially to that form designated 
“ cryptagglutinoid ” by Hill and others*(1948). 

In contrast to the findings of Sturgeon (1947) 
and Neber and Dameshek (1947) using 30 per 
cent bovine albumin no free antibody of “incom- 
plete ” type could be demonstrated in the serum of 
any of the present cases using the anti-human 
globulin serum technique. 

The in vitro reactions, as in the case of the 
“ incomplete ” anti-Rh antibody, shed little light 
on the mechanisms by which haemolysis is pro- 
duced in vivo. Much further work is required on 
this question, and it is hoped that the elution 
technique outlined may help in such investigations. 

Summary 

1. A technique is outlined whereby an antibody 
of “ incomplete ” type can be eluted from the 
erythrocytes in acquired haemolytic anaemia. 


2. The properties and in vitro reactions of sue] 
cluatcs arc described and discussed with refercnc 
to previously published findings. 

I am indebted to a number of clinicians for acccs 
to their cases, to Dr. J. F. Loutit and Dr. J. V. Daci 
for blood samples and much helpful advice, and ti 
Dr. F. O. McCallum for Rhesus monkey cells. 
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It has been concluded that if blood is taken 
from a patient with acquired haemolytic anaemia 
and transfused to a normal recipient the erythro- 
cytes survive normally (Loutit and Mollison, 1946). 
This finding is not an easy one to understand since 
the erythrocytes at the moment of transfusion are 
coated with antibody '-and give a positive direct 
Coombs test, and it might be thought that if the 
degree of sensitization were adequate only the 
addition of complement was necessary to complete 
their lysis. In discussing this finding it was 
suggested that immune body might be washed off 
the erythrocytes when -they w r ere put into the cir- 
culation of a normal patient. It was further 
suggested that there was probably some other sub- 
stance, “ co-haemolysin,” present in the plasma of. 
patients with acquired haemolytic anaemia in addi- 
tion to the antibody giving the positive Coombs 
reaction. Some, such theory was necessary to 
explain the findings in the case of a patient who 
recovered spontaneously from acquired haemolytic 
anaemia and no longer destroyed transfused 
erythrocytes rapidly although her own red cells 
continued to give a positive direct Coombs test. 

Owrcn (1947) made some observations which 
were a little at variance with those jeported above. 
He took erythrocytes from a patient with acquired 
haemolytic anaemia and transfused them to a nor- 
mal recipient. Approximately 50 per cent of the 
erythrocytes disappeared from the recipient’s cir- 
culation within three days,. and during this period 
it could be demonstrated that the surviving donor 
cells gave a positive direct Coombs test. After 
three days the surviving cells no longer gave a 
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positive test and were eliminated at the normal 
rate only. This observation suggested that the 
coating of erythrocytes with antibody did in fact 
lead to their rapid destruction, and that the idea 
that antibody could simply be washed off the 
erythrocytes, leaving them undamaged, might be 
wrong. 

It seemed desirable to find out first whether 
erythrocytes coated w r ith antibody, or “ sensitized 
erythrocytes ” as they may conveniently be called, 
lose their coat of antibody when circulating in the 
plasma of a normal recipient, or whether they 
retain it ; and secondly to make further observa- 
tions on the effect of this coating on the survival 
of erythrocytes. 

A further incentive to perform experiments came 
from the observation that an infant might have a 
positive direct Coombs test without developing 
any signs of increased blood destruction (Pickles, 
1947 ; Mollison and Cutbush, 1949). 

Methods 

Donor Blood. — Concentrated erythrocyte suspen- 
sions prepared from blood stored for three to four 
days in disodium-citrate glucose were used. Varying 
amounts of scrum containing Rh antibody of the 
“ albumin agglutinin ” or “ blocking " type were added 
(sec the Table, and note that in one case a serum con- 
taining saline agglutinins was also added). The mix- 
tures were incubated in a water-bath at 37* C. for 
one hour. A sample of the mixture was then with- 
drawn and the direct Coombs test was performed. 
The mixture was then transfused to a patient. In one 
preliminary experiment (Case 1) blood was mixed with 
a very small amount weak Rh antibody. Since 
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TABLE 


Case 
■ no. 

! Name 

Sex 

l Age 
(yrs.)i 

1 

Clinical 

condition 

Donor blood 

Direct 

Coombs test 
after 

incubation 

Persistence of 
positive direct 
Coombs test on 
patient's blood 
after transfusion 
(days) 

Volume 
of | 
packed 
cells 
(ml.) 

Anti-Rh 
serum j 

Volume 1 
(ml.) | 

Titre 

1 

Ch. 

F 

6/12 

Microcytic 

50 

2 

64 1 

-1- (weak) 

1 





anaemia 



1 



2 

Er. 

F 

51 ' 

Anaemia fol- 

450 

| 80 

16 1 

++ . 

4 

i 


1 


lowing haem- 


1 


i 






orrhage at 






1 


M 1 

i 

operation 1 


1 r 120 

256 

"i 


3 

Bo. 


59 

do. ! 

260 

if iso 

32* ! 

j- ++++ i 

58 

4 

Lu. 

F 

56 

Rheumatoid 

420 

| 120 

128 | 

+++ 

32 


i 



arthritis | 





i 

5 

Co. 

M 1 

64 1 

do. | 

480 

j 60 

64 j 

! 

l + 

not <Jone 


* This anti-Rh serum contained saline agglutinins; all the other sera used were of the albumin-agglutinin or “blocking” 


there were no signs at all of increased blood destruc- 
tion when this mixture was transfused, larger propor- 
tions of anti-Rh serum were used in 'the succeeding 
cases. 

Recipients. — Survival tests were carried out on five 
patients, all of whom required transfusion for the 
relief of chronic anaemia. Brief details are given in 
the Table. All the recipients were Rh-positive. 

Survival of transfused erythrocytes was determined 
by a modification (Dacie and Mollison, 1943) of 
Ashby’s (1919) method. 

Direct Coombs Test. — The test described by 
Coombs, Mourant, and Race (1945) was used ; the 
precise technique used in these experiments was that 
described by Mollison and Cutbush (1949). 

Results 

Survival of Sensitized Erythrocytes. — The sur- 
vival of sensitized erythrocytes in two patients 
(Cases 2 and 3) is plotted in Fig. 1. The per- 
centage survival at ten days in both cases is a little 
lower than normal, although the remainder of the 
curve is strictly normal. The apparent initial 
departure from linearity in these cases is too small 
to be taken as definite evidence of an increased 
rate of destruction. Nevertheless it is a suggestive 
finding in view of similar small deviations from 
normality in the cases of Loutit and Mollison. 
The question is discussed below. 

The survival of sensitized erythrocytes in two 
patients with rheumatoid arthritis (Cases 4 and 
5) was appreciably shorter, 50 per cent of trans- 
fused erythrocytes being eliminated in about 22 
days. In view of the results in Cases 2 and 3 it 
was fclt that this reduced survival might be due to 
some abnormality of the recipient rather than to 
any effect of Rh antibody on the donor erythro- 



FiG. 1. — Survival of “ sensitized ’* cells in Case 2 (op® 
circles) and Case 3 (solid circles). Starred circle 
show direct Coombs test positive. 


cytes. This supposition was tested by retransfusini 
the two recipients at a later date with nornW 
blood. In Case 4 elimination of the. norma 
erythrocytes was just as rapid as that of the sensi 
tized erythrocytes (see Fig. 2). In Case 5 norma 
erythrocytes survived normally. However, 
patient there had ‘been some clinical impfovemcn 
since the time when the transfusion of scnsjtizcc 
erythrocytes had been given. In view of the result! 
in the other patient with rheumatoid arthritis, d 
possible that normal survival on the second occa- 

















Ill 


SURVIVAL AFTER TRANSFUSION OF Rh-POSITIVE ERYTHROCYTES 


sion is rather to be ascribed to an alteration in the 
disease process than to any difference between nor- 
mal and sensitized erythrocytes, especially since 
the sensitized cells transfused to this patient were 
only weakly sensitized. 



Fig. 2. — Survival in Case 4 of “sensitized” and normal 
cells transfused on different occasions. Starred 
circles show direct Coombs test positive (after 
transfusion of sensitized cells). 

Persistence of a Positive Direct Coombs Test — 
In Cases 1, 2, 3, and 4 a direct Coombs test was 
performed on the recipients blood at intervals 
after transfusion. In Case 1, in which the donor 
cells were only weakly sensitized, the direct 
Coombs test was positive on the day after trans- 
fusion but not thereafter ; in Case 2, in which the 
donor cells were moderately sensitized before 
transfusion, the direct Coombs test was positive 
four days after transfusion but negative at ten 
days. However, in Case 3, in which the donor 
cells * were very strongly sensitized, the direct 
Coombs test was still positive 58 days after trans- 
fusion. In Case 4 the direct Coombs test was 
positive for 32, days after transfusion. 

In cases where the recipient's blood became 
“ Coombs positive " after transfusion, it was noted 
that all the erythrocytes, and not just a fraction, 
corresponding to the proportion of donor cells 
present, were agglutinated. 

'This general sensitization of the recipient's 
erythrocytes was not accompanied by any signs 
of an increased rate of blood destruction. In the 


patient (Case 3) in whom the direct Coombs test 
remained positive for 58 days after transfusion, 
some special examinations were made on the 46th 
day after transfusion. The haemoglobin was 
9.5 g. compared with 9.6 g. immediately after trans- 
fusion, the reticulocyte count was 0.6 per cent, 
and the plasma bilirubin concentration l less than 
0.5 mg./ 100 ml. 

A few simple experiments were undertaken to 
discover how rapidly Rh antibody was transferred 
from sensitized Rh-positive cells to tmsensitized 
ones. 

Experiments in Vitro 

I. Sensitized Rh-positive Cells Incubated with 

Rh-positive and Rh-negative Cells Respectively 

Suspensions of erythrocytes in saline were prepared 
from (a) the blood of an infant with haemolytic dis- 
ease, ( b ) normal Rh-positive blood, (c) normal Rh- 
negative blood. 

In each case the erythrocytes were washed three 
times in saline and then made up to a suspension of 
approximately 50 per cent in saline. Mixtures of 
these suspensions were made as below and incubated 
for one hour at 37° C. 

(1) 0.4 ml. a alone. 

(2) 0-5 ml. a- f-0.5 ml. b . 

(3) 0.5 ml. 0.5 ml. c. 

After incubation samples of (1), (2), and (3) were 
each tested against an anti-globulin serum. The 
results were’ as follows: 

(1) The sensitized cells alone showed a very strong 
positive reaction. 

(2) The mixture of sensitized cells with the normal 
Rh-positive cells showed slower reaction, but aggluti- 
nation was complete eventually, 

(3) The mixture of sensitized cells with Rh-negative 
cells gave the appearance of a mixture of well aggluti- 
nated and unagglutinated cells. 

To confirm the impression gained from these macro- 
scopic tests, microscopic tests were done as follows. 

Small volumes of (1), (2), and (3) were mixed with 
equal volumes of anti-globulin serum in tubes and 
centrifuged. Then 10 ml. saline were added To each 
tube and mixed gently ; the mixtures were spun once 
more and again gently mixed. A drop of each mix- 
ture was now examined in a counting chamber. 

With the sensitized cells alone (1) there were only 
three to five free cells per broad column of the 
Burker ruling (i.e.. agglutination was virtually com- 
plete). With the mixture of sensitized and normal 
Rh-positive cells (2) there were only ten cells per 
broad column (i.e.. agglutination virtually complete, 
but not quite so strong). With the mixture of sensi- 
tized cells and Rh-ncgativc cells (3) there were very 
numerous free cells and many small clumps. From 
this experiment it was concluded that all the normal 
Rh-positive cells had become coated with antihod) 
during incubation with sensitized Rh-positive celK 
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II. Sensitized \ Rh- positive Cells Incubated in Excess 
Normal Plasma 

1 ml. of normal Rh-positive blood was incubated 
with 0.1 ml. serum containing Rh antibody (albumin 
titre 128, saline titre nil) ; the cells were then washed 
and made up to a 20 per cent suspension in saline. 

0.1 ml. of these sensitized cells was incubated for one 
hour with 2 ml. normal plasma. At the end of this 
time the cells were tested in parallel with sensitized 
cells that had not been mixed with excess plasma to 
discover whether any appreciable amount of anti- 
body had come off the cells during incubation. This 
latter possibility was also tested by performing an 
indirect Coombs test on the plasma after incubation. 

It was found that there was no detectable diminu- 
tion in the strength of the direct Coombs test after 
incubating the cells in excess plasma and that no free 
antibody was detected in the plasma. From this it 
was concluded that Rh antibody does not readily wash 
off red cells to which it has become attached, unless 
other Rh-positive erythrocytes are present. 

Discussion 

If the results of Loutit and Mollison (1946) are 
examined closely two things will be noted. Firstly* 
with regard to the patients with acquired haemo- 
lytic anaemia from whom blood was taken for 
transfusion to normal recipients, it will be observed 
\ that in none of the four cases was haemolysis 
more than moderately active at the time of the 
experiment. Thus one patient had made a clinical 
recovery, two patients (previously severely affected) 
had had their spleens removed, and the fourth 
case was mild. Nevertheless in two cases (those 
in which blood destruction had been very rapid 
before splenectomy), there was in fact some evi- 
dence that a small proportion of the cells was 
destroyed more rapidly than normal after trans- 
fusion to normal recipients ; the exact figures were 
79 per cent and 84 per cent survival respectively 
one week after transfusion, compared with an 
expected figure of about 93 per cent. Loutit and 
Mollison drew attention to this finding, but laid 
more stress on the normal survival of the main 
mass of the transfused cells. 

In the present two patients (Cases 2 and 3) in 
whom the bulk of the transfused erythrocytes also 
survived normally, the percentage survivals, seven 
to ten days after transfusion, were 81 per cent and 
S2 per cent respectively. Thus it seems quite likely 
that, although the bulk of the sensitized erythro- 
cytes survived normally, there may have been a 
fraction which was destroyed more rapidly. If this 
is so, the substantial initial destruction observed 
by Owren may have been merely an exaggeration 
of the same effect. Two factors in his case may 
have contributed to this result. Firstly, it may be 


that the haemolytic process in his patient was far 
more active at the time of transfusion than in the 
cases of Loutit and Mollison. Secondly, Owren 
transfused a larger volume of blood — namely, lj 
litres. The effect which this may have had demands 
separate consideration. t 

The tests in vitro demonstrate that Rh antibody 
is readily transferred from sensitized Rh-positive 
cells to unsensitized Rh-positive cells. This implies 
that within a very short period of transfusion, 
probably less than an hour, the amount of anti- 
body originally attached to the donor erythrocytes 
is shared among all the circulating erythrocytes. If 
only some 500 ml. of blood are transfused, this 
must reduce the amount of antibody on each cell 
to about l/6th or less of the amount initially 
attached to the donor cells, even when the recipient 
has a reduced erythrocyte volume. In Owren’s 
case, due to the larger amount of sensitized blood 
transfused, the reduction in the amount of anti- 
body on each of the donor erythrocytes must have 
been less. 

It may have been a coincidence that in Owren's 
case the direct Goombs test, performed on the 
recipient’s cells, became negative at the same time 
as the rapid destruction ceased. The time for 
which the test remains positive depends to a large 
extent on the sensitivity of the Coombs’ reagent. 
In any case, our observations demonstrate that the 
direct Coombs test can remain positive over quite 
long periods without leading to any increase in the 
rate of erythrocyte destruction. 

Summary 

1. Rh-positive erythrocytes were incubated in 
vitro with serum containing Rh antibody of the 
albumin-agglutinin type, and then transfused to 
anaemic patients. The erythrocytes were found 
to retain their coat of antibody, as demonstrated 
by the direct Coombs test, for long periods after 
transfusion. 

2. When Rh-positive erythrocytes, sensitized in 
vitro , are transfused to an Rh-positive recipient, 
the Rh antibody becomes redistributed amongst 
the erythrocytes of both the donor and recipient. 
Hence the amount of antibody attached to the 
donor erythrocytes must be rapidly reduced. 

3. Whereas the bulk of the sensitized erythro- 

cytes survive normally after transfusion, it is 
possible that a small proportion may be destroyed 
more rapidly. Further experiments are needed to 
decide this point. * * 

4. These findings can be interpreted in two ways. 
(a) The coating of erythrocytes by Rh antibody 
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determines the haemolysis of erythrocytes in vivo 
only when a certain minimal quantity of antibody 
is exceeded ; ( b ) the antibody detected by the anti- 
globulin test does not, by itself, or in co-opera- 
tion with any normal plasma constituent, cause 
haemolysis. 

5. Whatever the interpretation of these findings, 
it is clear that the finding that erythrocytes give 
a positive direct Coombs test cannot by itself be 
taken as evidence that the erythrocytes are being 
destroyed at an abnormal rate. 


We should like to thank Professor Ian Aird and 
Dr. E. G. L. Bywaters for allowing us to make 
investigations upon patients under their^ care, and 
Dr. J. V. Dacie for many helpful suggestions during 
the preparation of this paper.' 
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Evidence of a difference in the mechanism of 
haemolysis between congenital and acquired 
haemolytic anaemia (acholuric jaundice) has been 
revealed by studies of the survival of transfused 
erythrocytes and by the direct Coombs test 
(Coombs and others, 1945a, b). Dacie and 
Mollison (1943) showed that normal erythrocytes 
transfused into cases of congenital haemolytic 
anaemia survived normally, but the erythrocytes 
from such cases when transfused into normal .per- 
sons were rapidly eliminated. Moreover, these 
erythrocytes give a negative direct Coombs test 
(Boorman and others, 1946) and are referred to 
in this paper as “ unsensitized. 11 In contrast, 
erythrocytes from cases of acquired haemolytic 
anaemia give a positive direct Coombs test 
(Boorman and others, 1946) and may thus be 
referred to as “ sensitized.” Normal erythrocytes 
transfused to these patients are rapidly eliminated, 
but the patients 1 own erythrocytes survive norm- 
ally when transfused into normal persons (Loutit 
and Mollison, 1946). This evidence, Loutit and 
Mollison suggested, indicates that the erythrocytes 
in acquired haemolytic anaemia are sensitized by 
an antibody or haemolysin ; and their normal sur- 
vival when transfused into a normal circulation 
may be explained by supposing either that the 
sensitization is reversible in the medium of a 
normal circulation, or that in acquired haemolytic 
anaemia there is an additional factor causing the 
rapid elimination of the sensitized cells. 

We have attempted to determine which of these 
suppositions is correct, and to ascertain whether 
transfused normal cells become sensitized before 
elimination .from the circulation of patients with 
acquired haemolytic anaemia. We have exam- 
ined the erythrocytes from five patients, all of 


whom gave a positive direct Coombs test, and we 
present in this paper the detailed results of our 
investigation of three of these patients. The fate 
of normal erythrocytes transfused to these patients 
and of the erythrocytes from one of them (Case 2) 
transfused to two normal recipients was studied by 
means of differential agglutination counts employ- 
ing Mollison’s (1947) modification of Ashby’s 
(1919) method. This technique was further modi- 
fied to enable sensitized and unsensitized cells to 
be distinguished from each other: that is, “ differ- 
ential direct Coombs counts ” were undertaken. 

Experimental Methods 

The transfused erythrocytes in the recipient’s circu- 
lation were estimated by differential agglutination tests 
as a percentage of the total erythrocyte count. An 
approximately 2 per cent cell suspension in isotonic 
(0.85 per cent) saline was made from the recipient’s 
blood. This suspension was mixed in known volumes 
in glass tubes (24 in. by i\ in.) with. isotonic saline and 
with the chosen anti-serum to give in each case a final 
cell suspension of approximately 0.1 per cent. The 
total number of cells per c.mm. in the saline mixture 
was counted. The anti-serum cell mixture was treated 
as follows (Mollison, 1947): 

(1) The mixture was allowed to stand for at least 
1 hour at room temperature, or at 37° C. if anti-Rh 
serum was being used ; (2) it was centrifuged at 1,000 
r.p.m. for 1 minute, and the deposit resuspended by 
shaking with moderate vigour ; (3) centrifuging and 
resuspension were twice repeated ; (4) the tube was 
stood vertically for a few seconds to allow the larger 
clumps to sediment, and a drop of fluid was trans- 
ferred from the top of the column to each of two 
counting-chambers, using a Pasteur pipette ; (5) the 
unagglutinated cells were counted, and from the 
average count per c.mm. the percentage of unaggluti- 
nated cells in original suspension was calculated ; the 
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Transfusion : 1,080 ml. packed cells 

4 



number per c.mm. in the recipient’s 
blood was then derived from the total 
erythrocyte count. 

Differential direct Coombs counts 
were performed in a similar manner. 

Suspensions of thrice-washed cells in 
isotonic saline were treated as de- 
scribed above after having been mixed 
with volumes of fully absorbed high 
titre anti-humamseram rabbit serum 
prepared at this centrp by the method 
of Coombs -and Mourant (1947). This 
serurn was used at a final dilution of 
1/100 (full titre against cells sensitized 
with anti-Rh incomplete antibody being 
2,000), and the mixture was allowed to 
stand for half an hour.. 

The accuracy of the differential 
Coombs count was tested with known 
mixtures of normal cells and cells sensi- 
tized in vitro with an incomplete anti-D. 
serum, and with ^mixtures of normal 
cells and sensitized cells from one of the 
patients described below. The results 
always agreed with the calculated per- 
centage of sensitized cells within the- 
limits of ±5 per -cent. With pure sus- 
pensions of sensitized cells the unaggluti- 
nated cells numbered about 1 per cent 
of the total. 

The number of sensitized cells per 
c.mm. of the recipient’s blood was calcu- 
lated as above. The recipient’s own 
erythrocyte count was derived from the 
total and transfused erythrocyte counts. 

Reticulocytes were estimated as a per- 
centage from a stained blood film and 
the actual count per c.mm. calculated. 

Case Reports 
A. The Fate of "Normal Erythrocytes Trans- 
fused* to Patients with Acquired Haemolytic 
Anaemia 

Case 1. — A man aged 70 years had had symptoms 
for two years. He had moderate pallor and icterus 
and an enlarged spleen. The blood film showed 
moderate nnisoevtosis and polychromasia, 50 per 
cent reticulocytes, and very occasional late normo- 
blasts. There was raised serum bilirubin and 
urinary' urobilin, and markedly increased erythrocyte 
fragility with spherocytosis. No cold auto-acccluti- 

•Storcd b’cxxl was irc<J for ihe transfusions in this croup of 
patients. The pcrccntarc of non-viable cells it contained In each 
ca<e was calculated from the resutti of Ross and others (1947) : It 
was arrrminaicly 5 per cent. 3 per cent, and 2 re r cent re*pcc~ 
lively In Ca*cs 1. 2, and 3. Most of these non-viable cells would 
hast been eliminated in two hours af:er mterinc the circulation 
of the rrdrient. and the remainder wnhln 74 hours. 

The Mood for transfusion was cTC*s-ma!chrd by inruharlnr a cell 
Mrspcnvon in rahne with the recipient's serum at 37* C. for at least 
1 hour. No acs’utination was observed to have occurred and an 
indirect Coombs test was then performed m the red crEs. which 
svrre rerativc even svhert the incubation was preferred on one 
occasion lCa*c 1) for 6 hours, and on another (Cavr 2) for 2i hours. 


nins, immune agglutinins, or incomplete antibodies 
were demonstrable in serum. The direct Coombs 
test on erythrocytes was strongly positive. The 
blood group was B, D-positive. Normal group B, 
D-negative blood was transfused, and differential 
counts were carried out with a specific anti-D aggluti- 
nating serum (titre 512 and used at a final dilution 
of i) from a group AB, D-negative woman immunized 
by pregnancies. 

Two days after a transfusion of 2 pints of packed 
cells (Fig. 1) the circulating blood contained 900,000 
sensitized cells per c.mm. of blood and 250,000 of the 
patient’s own cells per c.mm. Four days later the 
total of sensitized cells had increased by 780,000 per 
c.mm., although the patient’s own cells had increased 
by only 350.000 per c.mm. From these findings it was 
concluded that some of the transfused cells had 
become sensitized during the latter four day's. 

From the sixth to the twelfth day the sensitized cell 
count fell steadily and rapidly, parallel to the fall in 
the transfused cell count ; the patient’s own cell count 
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slowly rose. These changes support the conclusion that 
a proportion of the sensitized cells were transfused cells. 

Case 2. — A woman aged 42 years had had symp- 
toms for three months. She had marked pallor with 
slight icterus and an enlarged spleen. The blood film 
showed moderate anisocytosis and polychromasia, 
20 per cent reticulocytes, and very occasional late 
normoblasts. The serum bilirubin and urinary 
urobilin were raised, and the erythrocyte fragility 
was slightly increased. The patient’s serum contained 
a cold auto-agglutinin (in saline dilutions titre 4 at 
4° C., 1 at 15° C. f no activity at 37° C.), but no 
immune' agglutinins or incomplete antibodies were 
demonstrable. The direct Coombs test was strongly 
positive ; differential tests showed that 96 to 99 per 
cent of the erythrocytes were sensitized. The blood 
group was O, D-negative type MN. Normal group O, 
D-negative, type N blood was transfused, and a 
specific naturally-occurring anti-M serum (titre 32) 
from a blood donor was used at a final dilution of 
x in the differential agglutination counts. (This anti-M 
serum did not cause any non-specific agglutination 
such as may be found with artificially prepared anti-M 
or anti-N rabbit sera.) 

Transfusion : 710 ml. packed cells 


This patient destroyed transfused cells very rapidly: 
on one occasion^ the transfused cell count fell from 

1.550.000 per c.mm. to 500,000 per c.mm. of blood in 
7 days, an elimination of 63 per cent. 

In Fig. 2 the M-negative cells present at the start 
were survivors of previous transfusions. Immediately 
after the tranfusion of H pints of packed cells there 
were 1,300,000 M-negative cells per c.mm. of blood. 
However, the unsensitized cell count had risen by only 

380.000 per c.mm., which suggested that the majority 
of transfused cells had already become sensitized. 
Eighteen hours after the end of the transfusion all 
the cells were sensitized, the increase in the transfused 
cell count being probably due to the adjustment of 
circulating blood volume after a blood transfusion 
(Mollison, 1947). From this time onwards the trans- 
fused' cell count decreased rapidly — 59 per cent of the 
cells being eliminated in forty-eight hours. 

Case 3. — A girl aged 10 years had pallor and slight 
enlargement of liver and spleen. Many reticulocytes 
could be seen in the blood film, and the bone marrow 
was normoblastic. The serum bilirubin and urinary 
urobilin were raised, and the erythrocyte fragility was 
at the upper limit of normal. The direct Coombs test 
was strongly positive, 96 per cent of 
the cells being sensitized. Her serum 



contained a cold auto-agglutinin at a 
similar titre to that of Case 2 ; no 
immune agglutinins or incomplete 
antibodies were demonstrable. The 
blood group was A, D-positive. Blood 
of group O, D-positive, was transfused, 
and a stock grouping ,anti-A - serum 
(titre 512) was used at a final dilution 
of i for the differential agglutination 
counts. Fig. 3 shows the results 
obtained after the anaemia had already 
been relieved to a' certain extent by 
group A blood transfusions. 

Ten hours after the transfusion of 
2 pints of blood the group O cell 
count had risen by 1,490,000 per 
c.mm. of blood, and the unsensitized 
cell count by 430,000 per c.mm. Pre- 
sumably, approximately 1,060,000 per 
c.mm. of the transfused group O cells 
had become sensitized. Two days 
after the transfusion the unsensitized 



cell count had fallen to its base-line 
of about 100,000 per c.mm, of blood, 
indicating that all the transfused cells 
had become sensitized. The transfused 
cells were rapidly eliminated, 45 per 
cent within ten days. 

B. The Fate of Erythrocytes from 
Patients with Acquired Haemolytic 
Anaemia when Transfused to 
Normal Recipients 


Time In hours 

Fjg. 2.- — Progress of Case 2. Lower half shows mottling. 


Case 4. — The second part of the 
investigation was carried out with 
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blood taken from Case 2 into acid- 
citrate dextrose solution. The cells 
settled rapidly owing to the presence 
of the cold auto-agglutinin and, after 
half an hour, 80 ml, of the settled cells 
were transfused into a two -weeks-old 
baby who had inoperable spina bifida 
with paraplegia (Case 4). Ninety -six 
per cent of the cells were sensitized. 
The recipient’s cells were Group A, and 
before the transfusion were completely 
unsensitized. 

Differential agglutination counts 
twenty-four hours after the transfusion 
(Fig. 4) showed that 1,350,000 Group O 
cells per c.mm. of blood had been intro- 
duced by the transfusion and that there 
were 1,900,000 sensitized cells per c.mm; 
As the sensitized cell count rose even 
higher during the succeeding days, it 
became apparent that the recipient’s 
cells were becoming sensitized as the 
result of the transfusion. 

About 50 per cent of the transfused 
cells were eliminated during the next 
three days, but subsequently the rate 
of disappearance became less and less 
rapid until from about the sixteenth day- 
onwards the cells were being eliminated 
at the rate of normal healthy adult cells. 
The transfused cell counts have been 
corrected for changes in the recipient’s 
body-weight. 

In order to determine whether the 
surviving transfused cells were still 
sensitized, as complete a separation as 
possible of the transfused cells was 
made from the recipient’s blood in the 
following way : A heavy cell suspension 
of the recipient’s blood in saline was 
made, and anti-A serum added as for 
a differential agglutination count. After 
the third centrifuging the supernatant 
- fluid was removed and the cells resus- 


Transfuslon : 1,080 ml. blood 



Time in days 



Time in days 


Fig. 3. — Progress of Case 3. 


pended in saline. After the large clumps had been 
allowed to settle for about a quarter of an hour the 
supernatant suspension was removed and subjected to 
the differential agglutination procedure again. After 
the third centrifuging the cells were resuspended and 
allowed to settle for half an hour. The supernatant 
suspension was removed, and the cells in it washed 
and tested with anti-human-scrum rabbit scrum. 


65 per cent of the recipient's own cells were sensitized, 
assuming the transfused cells to be sensitized as the 
above results indicate. One month later the recipi- 
ent’s general condition deteriorated spontaneously 
because of the congenital neurological abnormality, 
and the total erythrocyte count fell markedly. Eighty- 
five per cent of the recipient's own cells were then 
sensitized. 


The final suspension so obtained on the thirty -eighth 
day after transfusion contained 100 per cent Group O 
colls (transfused cells), of which 97 per cent were 
sensitized. On the forty-fifth day a similar suspen- 
sion contained 88 per cent Group O cells, and again 
97 per cent were sensitized. These results indicate 
that the transfused cells had remained sensitized 
whilst in the recipient’s circulation. 

The sensitized cell count of the recipient’s blood 
after the transfusion rose steadily for nine days, until 


Case 5. — Seven weeks after Case 2 had undergone 
splenectomy and had improved thereby, blood was 
again taken from her into arid-citrate dextrose solu- 
tion. After the cells had settled for one hour at 4* C., 
100 ml. of the supernatant plasma were transfused 
into a recipient of blood Group B and similar to 
Case 4. No sensitized cells were detected in the 
recipient’s blood during the following six days. Later. 
100 ml. of whole blood from Ca«e 2 were transfused, 
98 per cent of the cells in this blood being sensitized. 
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Transfusion 


I 


80 ml. packed cells from Case 21 
(96% ’’sensitized”) 



Fig. 4. — Differential agglutination counts after transfusion of 
Case 4 with blood taken from Case 2 into acid-Citrate dextrose 
solution. 


After twenty-four hours there were 1,150,000 Group O 
cells per c.mm. of blood and 4,860,000 sensitized cells 
per c.mm, out of a total erythrocyte count of 5,230,000 
per c.mm. As shown in Fig. 5, the transfused 
Group O cells have been assumed to be still sensi- 
tized and for purposes of charts their total has been 
subtracted from the total sensitized cell count so as 
to give the recipient’s sensitized cell count. It thus 
appears that about 95 per cent of the recipient's own 
cells become sensitized, and that this percentage re- 
mained constant during the next twenty-seven days, 
after which it started to decrease, falling to 70 per cent 
by the forty-second day after the transfusion. 

To check the assumption that the transfused cells 
were still sensitized, a suspension of transfused cells 
was prepared on the twenty-eighth day after the trans- 
fusion by the method described above (Case 4). 
Differential counts showed it to contain 100 per cent 
Group O transfused cells, 90 per cent of which were 
sensitized. 

The transfused cells were eliminated more slowly 
than im Case 4 ; 30 per cent disappeared during the 
first ten days, but thereafter they were eliminated at 
the rate of normal adult cells. The counts have been 
corrected for changes in the recipient’s body-weight. 


Discussion 

The erythrocytes of patients with 
acquired haemolytic anaemia give 
a positive direct Coombs test (Boor- 
man and others, 1946), suggesting 
that a change has taken place on 
the cell surface, perhaps due to the 
adsorption of an immune auto- 
antibody. 

Our finding that normal cells 
become sensitized and give a posi- 
tive direct Coombs test when trans- 
fused into a patient with acquired 
haemolytic anaemia, before being 
eliminated from the recipient’s cir- 
culation, provides further evidence 
that an antibody or sensitizing agent 
initiates the haemolytic process. This 
antibody is evidently non-specific; 
and following sensitization the trans- 
fused cells are eliminated more 
rapidly than is normal. 

Our investigations. have confirmed 
the findings of Loutit and Mollison 
(1946) that cells from cases of ac- 
quired haemolytic anaemia can sur- 
vive normally when transfused into 
a normal recipient. This fact, Loutit 
and Mollison suggested, indicates 
that sensitization per se is not 
enough to ensure the premature 
haemolysis of cells in acquired 
haemolytic anaemia ; and they have postulated the 
presence in such cases of either a co-haemolysin 
or a “ pathologically potentiated spleen,” either of 
which might complete the destruction of the cells. 
The survival of sensitized cells in a normal circula- 
tion could then be explained by the absence of the 
additional haemolytic mechanism, or alternatively 
the sensitized cells might lose their sensitization in 
a normal circulation. 

We have shown that such cells remain sensitized 
during their life in the normal circulation, and 
thus it seems that their increased resistance under 
such conditions is not due to the sensitization 
having been reversed. 

The theory that a pathologically potentiated 
spleen may cause the rapid destruction of the 
sensitized cells is supported by the fact that an 
enlarged spleen is a characteristic finding in 
acquired haemolytic anaemia, and that splenec- 
tomy is followed in 'some cases by clinical 
improvement. Of the three patients studied by 
us, however, Cases 1 and 2 were treated only by 
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Transfusion: ICO ml. iransfusion 100 m! whole blood 



Fig. 5, — Differential agglutination counts after transfusion of 
Case 5 with blood taken from Case 2 into acid-citrate 
dextrose solution. 


repeated blood transfusions. They 
have remained well without further 
treatment for eighteen months and 
four months respectively. Case 3, 
after similar transfusion therapy, 
had a clinical remission, but a 
month later she relapsed and splen- 
ectomy was performed. She has 
since remained well for three 
months. Therefore it seems that 
any abnormal splenic activity in this 
condition must be vefy variable. 

Our finding that a proportion of 
the patient’s cells are rapidly elimi- 
nated in a normal subject suggests 
that it may not be necessary to pos- 
tulate the presence of an accessory 
haemolytic factor. Although the 
fate of the red cells may not be 
finally determined by the sensitiza- 
tion itself, it may depend on the 
degree of sensitization. Blood from 
two of the patients with acquired 
haemolytic anaemia studied by 
Loutit and Mollison (1946) was eli- 
minated at a faster rate than normal 
for the first week after transfusion 
to normal subjects, but survived 
normally thereafter. In both our 
cases this initial rapid elimination 
rate was seen, but once again sur- 
vival was subsequently normal. 

Brown and others (1944) showed that, when the 
normal elimination of normal transfused cells is 
plotted as a graph, the result is linear, while 
elimination by a haemolytic mechanism results in 
an exponential curve. Figs. 4 and 5 show that for 
approximately the first ten to fifteen days a haemo- 
lytic mechanism was at work, but that after this 
time it ceased to act. The elimination subse- 
quently continued in the normal linear way, in 
spite of the transfused cells still remaining sensi- 
tized. This could be explained by supposing that 
haemolysis of sensitized erythrocytes in the 
normal body occurs only amongst those cells 
which arc heavily sensitized. Those which cam 
more than a certain threshold dose arc rapidly 
eliminated, others less heavily sensitized surviving 
normally. It is reasonable to suppose that some 
cells from a patient with acquired haemolytic 
anaemia carry a heavier dose of antibody than do 
others. The fact that it has always been so diffi- 
cult to demonstrate free antibody in the sera of 
such cases (Ncbcr and Dnmcshck, 1947) indicates 
that it is taken up by the circulating cells very soon 
after it has been formed, and so these cells which 


have been circulating longest may carry more anti- 
body than the newcomers. If this is so it would 
seem possible that the abnormal haemolysis in 
acquired haemolytic anaemia depends upon the 
continued sensitization of the patient’s erythrocytes 
by a non-specific auto-antibody until sensitization 
reaches a certain threshold. When this threshold 
is reached the cells are eliminated by the normal 
processes of the body. 

Mollison (194S) transfused infants with normal 
cord blood and found that the transfused cells 
were relatively rapidly eliminated during the first 
ten days and that this was followed by a normal 
rate of elimination. He suggested that the macro- 
cytes in newborn infants* blood might survive less 
well than the normocytes. Our last two cases 
(4 and 5) were infants who received blood con- 
taining many macrocytes. The presence of these 
macrocytes may in part be responsible for the 
initial rapid elimination of transfused cells in 
these two cases. 

The spread of sensitization among the normal 
cells of our last two cases, as shown in Figs. 4 
and 5. is probably due to a redistribution of the 
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antibody actually attached to the transfqsed red 
cells, since no demonstrable sensitization occurred 
after the transfusion to Case 5 of fresh plasma 
from Case 2. This redistribution could be ex- 
plained by supposing either that the antibody is 
set free again when a transfused cell is haemo- 
lysed and that it re-attaches itself to a normal cell, 
or that it is a simple sharing of the antibody 
between the transfused cells and the recipient’s 
normal cells. Evidence for the former supposi- 
tion is found in the fact that the peak in the 
spread of sensitization among the recipient's 
cells in Fig. 4 was reached at the same time as 
the exponential mechanism acting on the trans- 
fused cells gave way to a normal linear elimina- 
tion. 

Although the majority of the recipient’s cells 
(Cases 4 and 5) became sensitized as a result of 
the transfusion of blood from a case of acquired 
haemolytic anaemia, no ill-effects, reticulocytosis. 
or other signs of acquired haemolytic anaemia 
were observed. 

The Coombs test, at present, is purely qualita- 
tive and does not indicate how strongly a ceil may 
be sensitized. It might be possible to modify the 
counting technique, perhaps by employing lower 
concentrations of anti-globulin serum, so as to 
show that some cells are more easily agglutinablc 
with dilute anti-serum than others. In this way 
further evidence might be obtained as to the 
relationship between the degree of sensitization 
and the abnormal breakdown of the erythrocytes 
in acquired haemolytic anaemia. 

Summary 

1. The survival of normal erythrocytes trans- 
fused to three patients with acquired haemolytic 
anaemia was studied by means of differential 


agglutination counts. Differential direct Coombs 
counts were also performed and the results indi- 
cate that the transfused cells become “ sensitized ” 
before being eliminated at a rate greater than 
normal. 

2. Blood from one of these patients transfused 
into two normal recipients was eliminated at an 
increased rate for the first ten to fifteen days and 
thereafter at a normal rate. The transfused sensi- 
tized cells remained sensitized during their life in 
the normal circulation. 

3. The recipient’s own cells became sensitized 
as a result of the transfusion of sensitized cells. 
Possible explanations arc considered. 

4. In acquired haemolytic anaemia the erythro- 
cytes are sensitized, probably by a non-specific 
auto-antibody. The possible processes that may 
play a part in the rapid elimination of these sensi- 
tized cells are discussed. 

We wish to thank Dr. Phillips, superintendent of 
Southmead Hospital, for permission to publish the 
case-notes, and Dr. Corner for acccss"to Cases 4 and 5. 
We arc indebted to Dr. Tovcy, Regional Blood Trans- 
fusion Officer, and Professor Neale for their helpful 
criticism and advice. 
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THE MICROBIOLOGICAL ASSAY OF RIBOFLAVIN 
AND NICOTINIC ACID IN URINE 

BY 
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From the Biochemical Department , Royal Infirmary , Glasgow 
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Riboflavin and nicotinic acid may be deter- 
mined by (1) biological assay, using animals, 
(2) chemical methods, colorimetric or fluoro- 
metric, (3) microbiological assay, using bacteria 
of known nutritional requirements. 

The biological properties of these two vitamins 
were established in animal experiments, and for 
a time similar assay methods were used to assess 
their concentrations in various types of materials. 
Such methods are time-consuming, require special- 
ized experience, and are not particularly sensi- 
tive or accurate. Chemical methods which were 
developed later still lack sensitivity and are sub- 
ject to inaccuracies owing to the necessity of a 
number of manipulations to remove interfering 
substances. Within recent years much informa- 
tion has been obtained with regard to the nutri- 
tional requirements of many species of bacteria. It 
has been shown that many require certain members 
of the vitamin B complex for optimum growth. 
When other nutritional requirements are present 
in excess, growth of a particular organism is pro- 
portional, within certain limits, to the concentra- 
tion of an essential nutrient — e.g., a vitamin. This 
has resulted in the development of a wide variety 
of microbiological methods for the determination 
of vitamins, amino-acids, etc. Growth may be 
assessed cither nephelometrically or, if the organism 
is an active acid-producer and the medium is highly 
buffered, by the amount of titratable acid produced. 
Such methods are extremely sensitive and little 
preliminary manipulative work is usually required. 

The usual chemical methods for the determina- 
tion of members of the vitamin B complex are, 
owing to their complexity, generally outside the 
scope of the hospital biochemical laboratory. 
Microbiological methods, on the other hand, 
owing to their greater simplicity, are more adap- 
table to hospital needs. Also multiple determina- 
tions with comparatively little extra labour may 
be carried out. 

The determination of nicotinic acid and ribo- 
flavin in urine by microbiological methods has 


been examined. There have been many published 
methods, but those of Barton-Wright and Booth 
(1943) for riboflavin and Barton-Wright (1944, 
1945) for nicotinic acid have with certain modifica- 
tions proved to be satisfactory. 

Procedure 

Stock cultures are carried as stabs on the following 
medium : 

Yeast extract 1.0 per cent 

Glucose 0.5 per cent 

Sodium acetate 0.6 per cent 

A ear L5 per cent 

pH 6.8 

After inoculation, cultures are incubated at 37° C; 
for 48 hours and then preserved in a refrigerator. 


Stock cultures are renewed at 

TABLE I 

fortnightly intervals. 

Organism used 

[ Vitamin 

Lactobacillus helve tic us (care;) 
N.C.T.C. No. 6375 

Riboflavin 

Lactobacillus arabinosus 17/5 
N.C.T.C. No. 6376 

Nicotinic arid 


Normal urine contains a number of pyridine com- 
pounds closely related to nicotinic acid — namely, 
nicotinic acid, nicotinamide, nicotinuric acid, 
N l methylnicotinamide, and trigonelline. The re- 
sponse of L. arabinosits 17/5 to nicotinic arid, 
nicotinamide, and nicotinuric arid is proportional to 
their nicotinic acid content (Snell and Wright, 1941). 
The other two pyridine derivatives show no activity 
towards this organism. 

The present writers have found that the dependence 
of their own cultures on these organisms for these 
vitamins has remained unchanged over a period of 
twelve months. 

Preparation of Media 

Stock Solutions. — The following stock solutions 
were prepared: 

Photolysed peptone. — 10 g. of peptone and 5 g. of 
sodium hydroxide are dissolved in 125 ml. water and 
placed in a narrow cylinder about 18 in. from a 
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100-watl electric lamp for two to three days. This 
procedure ensures the complete destruction of all 
riboflavin in the peptone. Then 7 ml. of glacial 
acetic acid and 3 g. of crystalline sodium acetate are 
added, the volume made up to 200 ml. with water 
and filtered. 

r Yeast supplement (riboflavin-free). — 40 g. of basic 
‘lead acetate dissolved in 125 ml. of water are added 
to 25 g. of yeast extract in 125 ml. of water. The 
pH 4s adjusted to 10 with ammonia, and the precipi- 
tate filtered off. The filtrate after acidification with 
glacial acetic acid is treated with hydrogen sulphide 
gas until all the lead is precipitated. The lead sulphide 
is filtered off, excess hydrogen sulphide is removed by 
boiling, and the volume made up to 250 ml. by the 
addition of water. 

Casein hydrolysate . — A spray-dried product has 
been used. 

Cystine solution . — 1 g. of cystine is added to 250 
rnl. water containing 1 ml. of concentrated hydro- 
chloric acid and the mixture heated until all the 
cystine has passed into solution. 

dl -Tryptophan solution. — 1 g. of tryptophan is 
boiled with 250 ml. of water and concentrated 
hydrochloric acid added until solution is effected. 
(The synthetic DL-product should be used in prefer- 
ence to the natural L-tryptophan since the latter is 
often contaminated with vitamins.) 

Adenine , guanine, and uracil solution. — 0.1 g, of 
each are added to 100 ml. water containing a few 
drops of concentrated hydrochloric acid. Solution is 
effected by heat. The final volume should be made 
up to 100 ml. by the addition of water. 

Xanthine solution. — 0.1 g. is added to 100 ml. water 
containing a few drops of strong ammonia. 

Calcium 6-pantothenate solution . — 0.1 g. is dissolved 
in 100 ml. water. 

Nicotinic acid solution. — 0.1 g. is dissolved in 100 
ml. water. (1 ml. = 1,000 /<g. nicotinic acid.) 

Pyridoxine solution . — 0.244 g. pyridoxine hydro- 
chloride is dissolved in 100 ml. water. 

p-Amin ob enzoic acid solution. — 0.1 g. is dissolved 
in 100 ml. water containing 1 ml. of glacial acetic 
acid. 

Ancurin solution. — 0.1 g. is dissolved in 100 ml. of 
2 per cent hydrochloric acid. 

Riboflavin solution. — 25 mg. of riboflavin is added 
to a little water and 1 ml. of glacial acetic acid and 
diluted to 1,000 ml. with distilled water. This solu- 
tion, owing to the sensitivity of riboflavin to light, 
should be preserved in a dark brown bottle. (1 ml.= 
25 /‘g. riboflavin.) 

Biotin solution. — An ampoule of 25 ;tg. biotin 4- 
1 ml. of inorganic solution A is diluted to 250 ml. 
with water. 

Inorganic solution A. — 25 g. K-HPO, and 25 g. 
KH.PO, are dissolved in water and, the volume made 
up to 250 mi. 


Inorganic solution B . — 10 g. MgSO„7H 2 0, 0.5 g. 
MnS0 4 ,4H 2 0, and 0.1 g. anhydrous FeCb arc dis- 
solved in water containing a few drops of concen- 
trated hydrochloric acid.- 
The solutions should be prepared with glass- 
distilled water and preserved in glass-stoppered 
bottles in a refrigerator. If a few drops of chloro- 
form are added to each and assays are being carried 
out frequently, these solutions will keep well. 

Media. — Sufficient for 100 tubes is prepared. 


TABLE II 

MEDIA PREPARED FROM STOCK SOLUTION AND 
OTHER SUBSTANCES 



Riboflavin 

assay 

'Nicotinic 
acid assay 

PhotoJysed peptone solution . . 

100 ml. 

— 

Spray-dried casein hydrolysate 

— 

6g. 

L-Cystine solution 

25 ml. 

50 ml. 

DL-Tryptophan solution 

25 ml. 

50 ml. 

Glucose . . 

20 g. 

20 g. 

Xylose 

1.0 g. 

1 g- 

Sodium acetate (hydrated) 

— 

33.0 g. 

Riboflavin-free yeast supplement 

20 ml. 

— 

Adenine, guanine, and uracil 

10 ml. 

10 ml. 

solution 



Xanthine solution 

10 ml. 

10 ml. 

Calcium //-pantothenate solu- 

1 ml. 

1 ml. 

tion 



Nicotinic acid solution 

1 ml. 

— 

Pyridoxine solution 

1 ml. 

1 ml. 

p-Aminobenzoic acid solution 

4 ml. 

.1 ml. 

Aneurin solution 

'' 

1 ml. 

Riboflavin solution 



S ml. 

Biotin 



4 ml. 

Sodium chloride 

5.0 g. 

5.0 g. 

Ammonium sulphate ... 

3.0 g. 

3.0 g. 

Inorganic salt solution A 

5.0 ml. 

5.0 ml. 

Inorganic salt solution B 

5.0 ml. 

5.0 ml. 

Glass-distilled water to 

500 ml. 

500 ml. 


The pH of the media is adjusted to 6.8 by the addi- 
tion of sodium hydroxide solution using bromothymol 
blue as external indicator, or indicator test papers. 
After filtration through a No. 1 Whatman filter paper, 
a few drops of chloroform are added and the media 
preserved in a refrigerator. Under such conditions, 
especially if assays are carried out at frequent inter- 
vals, the prepared media will keep well. 

Before use a portion of the medium should be 
heated to boiling point to remove chloroform. 

Preparation of Assay Tubes. — Universal containers 
with metal caps and rubber seals were used in 
place of test tubes with cotton-wool plugs. After 
use tubes should be cleaned out with tap water and 
rinsed with glass-distilled water. It was found con- 
venient to keep a set of tubes for one particular assay 
and to number the containers with a glass diamond. 

In each series of assays blanks and a series of stan- 
dards were prepared' in duplicate. Although little 
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variation in the standard curves has been encoun- 
tered over a period of twelve months, such controls 
are essential as a check on the non-varying depen- 
dence of the organism for the particular vitamin under 
investigation and the constancy of the medium. 

Riboflavin. — -Assay tubeswere prepared as follows : 

Blanks .— 5 ml. of water and 5 ml. of medium were 
measured into each tube. 

Standards. — Standards containing 0.05, 0.10, 0.15, 
and 0.20 m 3- of riboflavin were prepared. 

The standard solution, 25 Mg./ml., is diluted so that 
1 ml. contains 0.05 Mg. This solution should be pre- 
pared fresh before use. 


TABLE III 

QUANTITIES 


Standard 

containing 

riboflavin 

(MS-) 

Medium 

(ml.) 

Dilute 

riboflavin 

standard 

solution 

(ml.) 

Water 

0.05 

5 ! 

1 

4 

0.10 

5 

2 

3 

0,15 

5 

3 ' ] 

2 

0,20 

5 

4 1 

1 


Urine. — 1, 0.5, 0.25, and 0.1 ml. of urine diluted 
to 5 ml. were added to 5 ml. of medium. These 
quantities will cover all concentrations of riboflavin 
likely to be encountered in urine except when large 
quantities of riboflavin — for example, 10 mg. — have 
been administered. After oral administration of 
10 mg. riboflavin, an additional 0.05, 0.025, and 0.01 
ml. of urine diluted to 5 ml. should also be included. 

Nicotinic Acid. — Assay tubes were prepared as 
follows : 

Blanks. — 5 ml. of water and 5 ml. of medium were 
measured into each tube. 

Standards . — Standards containing 0.05, 0.10, 0.15, 
0.20, 0.25. and 0.30 7 *g. of nicotinic acid were pre- 
pared. The standard solution, 1,000 Mg. /ml., is diluted 
so that 1 ml. contains 0.01 Mg. nicotinic acid. This 
solution should be prepared fresh before use. 


TABLE IV 

QUANTrnrs 


Standard 

containing 

nicotinic 

acid 

(MP.) 

Medium 

(ml.) 

Dilute 

nicotinic acid 
standard 
solution 
(ml.) 

Water 

0.05 ' 

5 

0.5 

4.5 

0.10 

5 ; 

1.0 1 

4.0 

0.15 

5 

1.5 

3.5 

0.20 

| 5 

2.0 

3.0 

0.25 

I s 

2.5 

2.5 ' 

0.30 

i ? 

3.0 

2-0 


C/ri/ie.— 0.5, 0.25, 0.1, and 0.05 ml. of urine diluted 
to 5 ml. were added to 5 ml. of medium. These 
quantities will cover all concentrations of nicotinic 
acid likely to be. encountered in urine. 

Filled tubes were sterilized by placing in a steamer 
or a hot-air oven at 100° C. for one hour. Auto- 
claving was found to produce intense brown colora- 
tions which rendered subsequent titration with alkali 
very difficult to assess. 

Inoculation 

Riboflavin.— -5 ml. of riboflavin medium and 
5 ml. of distilled water containing 0.25 Mg. of ribo- 
flavin were introduced into a universal container and 
sterilized as described above. The medium was inocu- 
lated with a portion of the stock agar stab Culture by 
means of a sterile needle and incubated for 18 to 20 
hours at 37° C. There should be good visible growth 
at the end of this period. The contents of the con- 
tainer were centrifuged, the supernatant fluid poured 
off, and 10 ml. of 0.85 per cent sterile saline solution 
added ; 20 drops of this suspension were mixed with 
10 ml. of 0.85 per cent sterile saline solution, and 
4- drop of this latter suspension added to each of the 
assay tubes. 

Nicotinic Acid. — 5 ml. of nicotinic acid medium 
and 5 ml. of distilled water containing 0.5 Mg. of 
nicotinic acid were introduced into a universal con- 
tainer and sterilized as described above. It was inocu- 
lated with a portion of the stock agar stab culture by 
means of a sterile needle and incubated at 37° C. until 
good visible growth was observed. Usually this is 
attained after 18 hours, but on some occasions 36 
hours’ incubation is necessary. The contents of the 
container were centrifuged, the supernatant fluid 
poured off, and 10 ml. of 0.85 per cent sterile saline 
solution added ; 20 drops of this suspension were 
mixed with 100 ml. of 0.85 per cent sterile saline solu- 
tion, and 1 drop of this latter suspension added to 
each of the assay tubes. 

Incubation 

Assay tubes were incubated at 37 s C. for three days. 
Exact times are unnecessary' since both unknowns and 
standards are subjected to the same treatment. At 
the end of the incubation period the lactic acid in the 
containers w’as titrated with 0.1 A r -sodium hydroxide 
using bromothymol blue as indicator. 

Calculation 

A graph was constructed in which content of ribo- 
flavin (or nicotinic acid) in «g. was plotted against 
ml. 0.1 iV-sodium hydroxide used in the respective 
titrations (see Figs. I and 2). Blanks should require 
less than \ ml. of 0.1 N-sodium hydroxide to effect 
neutralization. The riboflavin (or nicotinic acid) con- 
tent of the unknowns was then read off the graph 
using the titrimciric values. It has been found possible 
to obtain readings from at least two urinary level*. 
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differences never exceeding 15 per cent — i.e., between 
the limits of - 

0.05-0.20 p g. riboflavin 
and 

0.05-030 j«g. nicotinic acid. 



Fig. 1. — Assay of riboflavin. 



NICOTINIC ACID (j»j) 

Fig. 2. — -Assay of nicotinic acid. 

More precise but more laborious methods of calcu- 
lation have been suggested by Wood (1945, 1946). 
The normal excretion of these vitamins in urine is 
so wide and small differences at present of so little 
significance that in routine investigations there is little 
to be gained by such methods. 

Experimental 

Owing to the lability of riboflavin to light and 
alkali, urine passed over a period of 24 hours was 
collected in a dark brown bottle containing 5 ml. 
of glacial, acetic acid. When it was necessary to 
keep the specimen for a longer period it was kept 
in a refrigerator. The stability of riboflavin and 
nicotinic acid in urine under such conditions was 
examined. Urines were assayed initially and 28 
days later. From the results shown in Table V 
it will be seen that there was little change in the 
concentrations. 


The effect of mild acid hydrolysis had little 
effect on the results (Table VI). (To obtain this 
hydrolysis 5 ml. + 0.5 ml. concentrated hydro- 
chloric acid were placed in a boiling-water bath 


TABLE V 

STABILITY OF RIBOFLAVIN AND NICOTINIC ACID IN URINE 


Riboflavin 
(Test No.) 

Initially 

fag. 

litre) 

After 1 month’s 
preservation 
fag. /litre) 

1 

825 

800 

2 

825 

850 

3 . 

400 

420 

4 

600 

650 

Nicotinic 

Initially 

After 1 month’s 

acid 

fag. 

preservation 

(Test No.) 

litre) 

fag, /litre) 

1 

430 

370 

2 

1,650 

1,800 

- 3 

250 

220 

4 

570 

600 

5 

850 

875 

6 

350 

380 


for one hour, cooled, and neutralized by the addi- 
tion of sodium hydroxide.) This is in accordance 
with the fact that riboflavin is excreted in the- free 
state and that nicotinic acid, nicotinamide, and 


TABLE VI 

EFFECT OF MILD ACID HYDROLYSIS ON THE MICROBIOLOGICAL 
ASSAY OF RIBOFLAVIN AND NICOTINIC ACID IN HUMAN URINE 



Before 
hydrolysis 
fag. /litre) 

After acid 
hydrolysis . 
fag. /litre) 

Riboflavin 

805 

800 


170 

. 137 ■ 


105 

105 


70 

60 


410 

380 

Nicotinic acid 

1,100 

950 


430 

380 


430 

480 


1,650 

1,650 


570 

540 


nicotinuric acid exert equivalent responses towards 
L. arabinosus 17/5. 

Recoveries of added riboflavin and nicotinic acid 
were found to be quantitative (Table VII). The 
initial content of riboflavin was found to be effec- 
tively removed by the addition of alkali and 
exposure to the light of a 100-watt, electric lamp 
for four days. It was neutralized by the addition 
of hydrochloric acid. 

In many of the chemical methods employed for 
the estimation of riboflavin and nicotinic acid, 
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TABLE VH 


RECOVERY OF -RIBOFLAVIN AND NICOTINIC ACID ADDED TO URINE 


Test 

No.' 

Riboflavin 

added 

Oig./litre) 

Riboflavin 
recovered* 
(/ig. /litre) 

Test 

,No.J 

Riboflavin 
added 
QigJ litre) 

Riboflavin 
recovered* 
(/rg. /litre) 

Test 

No. 

Initially 

kg./litre) 

Nicotinic 
acid added 
(^g. /litre) 

Final 
(^g. /litre) 

Nicotinic acid 
recovered 
(ng./litre) 

1 

50 

55 

8 

150 

140 

1 

320 

200 

550 . 

230 

3 


. 115 

9 

50 

55 

2 

320 

400 

740 

420 

3 ' 




150 

165 

3 

2,100 

500 

2,700 

600 

4 - 


115 


100 

120 

4 

2,100 

1,000 ' 

8,100 

1,000 

5 


55' 


203 

200 

5 

1,800 

500 

1,700 

400 * 

6 


120 


50 

50 

6 

1,300 

1,000 

2,350 

1,050 

7 

50 

.50 


100 

95 

7 

220 

200 

460 

240 


\ 

\ ' 

)- - 




\ " 

8 

220 

400 

650 

430 


* 1 ml. of of photolysed urine used in each recovery. 


absorption on varied types of material is used as 
a preliminary to the^final fluorometric or colori- 
metric evaluation. The effect of urinary deposits 
was investigated. Assays for riboflavin and nico- 
tinic acid were carried out on the urine which had 
been well shaken, and on the supernatant fluid 
after centrifugalization. The results shown in 
Table VIII indicate that appreciable amounts of 
riboflavin were absorbed on the urinary deposits. 
Urinary deposits are variable and it is quite 
possible that such do exist and can absorb appre- 
ciable amounts of nicotinic acid. These experi- 


TABLE Vm 

ABSORPTION OF RIBOFLAVIN AND NICOTINIC ACID ON 
URINARY DEPOSITS 



Whole urine 
(ng./litre) 

Centrifuged urine 
(supernatant 
/ig. /litre) 

Riboflavin 



1 

95 

50 

i 

65 

40 ' 

3 

100 

70 

Nicotinic acid ! 



1 

3,000 

2,600 

2 

750 

700 

3 

1,060 

1,160 


ments indicate that in vitamin B assays urines 
containing deposits should be so treated that 
representative samples may be measured. 

Riboflavin 10 mg. and nicotinamide 50 mg. 
were administered to patients who had no evidence 
of deficiency of these vitamins.* Excretion of these 
vitamins before and during the first 24 hours after 
administration was determined (Table IX). In- 
creased excretion of riboflavin accounted for 

* Th - 1 cm dene alto included 5 tnp. cn curia and 2H0 mp. a icorbk acid . 

L 


approximately 50 per cent of the administered 
vitamin. This is in accordance with the findings 
of Melnick et al. (1945), who used fluorometric 
methods of analysis. There was little change in 
the excretion of nicotinic acid. This is in accor- 


TABLE IX 

RIBOFLAVIN AND NICOTINIC ACID 


Case! 

! 

Riboflavin 

Nicotinic acid 

No. j 


fixg./diem) 

0 ig./diem) 

’ "" ! 
1 

Before test dose 

920 

0.S4 


After „ „ 

6,030 

0.34 

2 

Before test dose 

570 

0.76 


After „ „ 

4,374 

1.38 

3 

Before test dose 

468 

0.40 


After ,, ,, 

5,890- 

0.53 

4 

i 

Before test dose 

■IB 

1.17 


After „ „ 

BH 

0.57 

5 

Before test dose 

200 

1 0.97 


After ,, ,, | 

4,500 

| 1.12 


dance with the findings of Melnick et al (1940) 
and Huff and Perlzweig (1943) that, following 
ingestion of nicotinamide, A r ' methyl nicotinamide 
is the main metabolite excreted in the urine. 

Summary 

Factors that influence the microbiological deter- 
mination of riboflavin and nicotinic acid deriva- 
tives in urine have been investigated. 
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THE DETERMINATION OF THE TOTAL NEUTRAL 
I7-KETOSTEROIDS IN URINE 

BY 

SIDNEY LIONEL TOMPSETT 
From the i Biochemical Laboratory t Royal Infirmary , Glasgow 

(RECEIVED FOR PUBLICATION, JANUARY 31, 1949) 


Callow and others (1938) appear to be the first 
to have produced a reasonably accurate method 
for the estimation of 17-ketosteroids by means of 
the Zimmermann reaction. The method is, how- 
ever, somewhat laborious and time-consuming. 
This work was followed by many papers in which 
modifications in technique are described. Tomp- 
sett and Oastler (1946) have reviewed the literature 
and described a method which in comparison with 
many others is comparatively simple and is suitable 
for use in the busy hospital laboratory. In this 
method, the ketosteroids are liberated by acid 
hydrolysis and then extracted with ether, the final 
result being obtained colorimetrically with the 
Zimmermann reaction. This method gave essen- 
tially the same results as that of Callow and others. 
Tompsett and Oastler (1948) have examined the 
neutral steroid fraction of human urine and used 
acid hydrolysis coupled with simultaneous extrac- 
tion with toluol to effect separation. It was found 
that this method gave essentially the same results 
for total 17-ketosteroids as the earlier method of 
separation. It would appear that the nature of the 
extractant and even possibly the exact time of 
hydrolysis affects the true value of the total 17- 
ketosteroids but little. 

When applied to urinary extracts, the Zimmer- 
mann reaction produces a purple colour with 
20-ketosteroids — for example pregnanolones — as 
well as with 17-ketosteroids. Venning (1946) has 
stated that pregnanolones produce only one-eighth 
of the colour produced by a corresponding amount 
of 17-ketosteroid. 20-Ketosteroids are only found 
in appreciable quantities in pregnancy and possibly 
in adrenal cortical tumour and hyperplasia (Tomp- 
sett and Oastler, 1948 ; Tompsett, 1949). Tomp- 
sett (1949) has described a technique by which the 
presence of 20-ketosteroids in appreciable quanti- 
ties may be detected. 

The greatest disadvantage of the Zimmermann 
reaction is that in some cases an unspecific brown 


colour is encountered. Many attempts have been 
made to eliminate this or correct for it. The use 
of corrections which involve readings from two 
colour filters has been suggested. Elimination of 
the brown interfering pigment may be achieved by 
the use of Girard’s reagent T, which forms water- 
soluble derivatives with 'the ketone fraction of the 
neutral steroids. By suspension in water and 
extraction with ether, non-ketonic materials are 
removed. On treatment with hydrochloric acid, 
free ketosteroids are liberated and may be extracted 
with ether. It has been supposed that the materials 
responsible for the unspecific brown colours are 
removed in the first ether extracts — that is, in the 
non-ketonic fractions. 

The writer has, however, noted that a brown- 
coloured insoluble material is located in varying 
amounts at the ether /aqueous interface, and he 
believes that this is mainly responsible for the 
unspecific brown colorations. Production of un- 
specific brown colorations in fhe Zimmermann 
reaction is much less frequent with ether than with 
toluol extraction. Such brown colorations are 
probably due to derivatives of insoluble soaps of 
fatty acids which are the main constituents of-thc 
brown scum that separates at the ether/aqueous 
interface during the course of the Girard T reagent 
technique. The final colorimetric evaluation of 
colour is most suitably carried out in the Spekker 
abs x orptiometer. Visual inspection should always 
be carried out. (The human eye is still one of 
the best optical discriminating instruments, a fact 
that is often forgotten in this mechanical age.) 
The writer prefers to use Spekker green filter 5 to 
Ilford Spectrum filter No. 604. The former per- 
mits of more rapid readings and possesses similar 
sensitivity. 

Alcoholic solutions of the urinary steroids arc 
invariably coloured purple or yellow or inter- 
mediate shades. The purple colour of the original 
extract disappears during the production of th c 
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purple of the Zirnmermann reaction, but the yellow 
colours are unaffected. It is necessary to carry 
out blanks. 

- The following is a detailed description of the 
procedure now recommended for use in hospital 

^biochemical laboratories. 

Procedure 

Reagents 

1. Concentrated hydrochloric acid (analar reagent). 

2. Peroxide-free ether . 

3. Ten per cent aqueous sodium hydroxide. 

4. Aldehyde-free absolute alcohol." This is pre- 
pared in . the following way: 4 g. of m-phenylene- 
diamine hydrochloride are added to 1 litre of com* 
merciaTabsolute alcohol and the mixture is allowed 
to stand in the dark for one week, with occasional 
shaking. The alcohol is distilled in an all-glass 
apparatus. The distilled alcohol should be preserved 
in a dark bottle in a dark ‘cupboard. 

5. Two per cent m-dinitrobenzene in aldehyde-free 
alcohol. — Even the best commercial specimens of m- 

' dinitrobenzene contain impurities which interfere seri- 
ously with the final colour reaction. The best 
commercial specimen should be purified in the 
following way: 20 g. are dissolved in 750 ml. of 95 
per cent ethyl alcohol in an 8-litre flask and warmed 
to 40° C. Aqueous 2A r -sodium hydroxide solution is 
then added until there is no further increase in the 
pink colour. After 5 minutes the solution is cooled 
and about 2.5 litres of water are added rapidly and 
the mixture stirred well. The precipitated m-dinitro- 
benzene is collected on h Buchner funnel, washed 
thoroughly with large quantities of water, and re- 
crystallized twice in succession from about 120 ml. 
and 80 ml. respectively of absolute alcohol. A mix- 
ture of equal volumes of a 1 per cent alcoholic solu- 
tion of m-dinitrobenzene with aqueous 5A r -potassium 
hydroxide solution should develop no colour after 

- standing for 1 hour. For use a 2 per cent solution 
in aldchydc-frcc absolute alcohol is prepared. The 
solution should be preserved in the dark. (The purifi- 
cation procedures described for absolute alcohol and 
//l-dinitrobcnzcnc arc those recommended by Callow 
and others, 1938, 1939), 

6. 5A T -potassium hydroxide (analar) in water. 

7. Commercial absolute alcohol. 

8. G/flcinJ acetic acid. 

9. Thirty per cent sodium hydroxide. 

Glassware 

All glassware should be scrupulously clean. Appa- 
ratus consists oft (1) 500-ml. glass-stoppcrcd separa- 
ting funnels. (2) 250-ml. and' Mitre conical flasks 
(Pyrcx), (3) 500-ml. beakers, (4) 50-ml. glass-stoppcrcd 
cylinder, and (5) Pyrcx test tubes (130 x 15 mm.): 
before me, thc<c arc cleaned with nitric arid and 


chromic acid mixture, then washed with water fol- 
lowed by absolute alcohol, and finally dried in an 
oven. 

Technique 

Preparation of Extract. — A twenty-four-hour speci- 
men of urine is collected in a Winchester quart bottle 
containing 10 ml. concentrated hydrochloric arid. 
250 ml. are boded gently with 25 ml. concentrated 
hydrochloric acid in a litre conical flask over a bunsen 
burner for 10 minutes. The flask and its contents are 
then immediately cooled in a dish of running water, 
and the hydrolysed urine is transferred to a 500-ml. 
separating funnel where it is extracted three times 
with 80-ml. portions of peroxide-free ether. 

The pooled ether extracts are washed twice with 
80-ml. portions of 10 per cent sodium hydroxide and 
twice with 80-ml. portions of water. The ether extract 
is then evaporated to dryness in a 250-ml. conical 
flask and heated in a hot-air oven at 100° C. for a few 
minutes. 

The dry steroid residue is dissolved in 0.5 ml. glacial 
acetic acid, and 30 ml. of water added ; 1 ml. of 30 per 
cent sodium hydroxide is added and the mixture trans- 
ferred to a 50-ml. glass-stoppered cylinder. The 
aqueous solution is extracted three times with 20-ml. 
portions of peroxide-free ether. The ether layer 
which is removed with a teat-pipette is transferred 
to a 250-ml. conical .flask. Care should be taken that 
the brown amorphous material w'hich settles at the 
aqueous : ether interface is not disturbed in this pro- 
cess. The ether extract is evaporated to dryness and 
then heated in a hot-air oven at 100° C. for a few 
minutes. Dried steroidal extracts appear to keep 
indefinitely. 

Colorimetric Estimation. — The colour is developed 
in Pyrex test tubes (130 x 15 mm.) which must be 
scrupulously clean. The dry steroidal extract is dis- 
solved in 5 ml. aldehyde-free absolute alcohol. Three 
tubes are required for an estimation: 

1. Unknown. 

0.2 ml. of alcohol solution of urinary steroids ; 

0.2 ml. of 2 per cent alcoholic solution of tn- 
dmitrobenzene ; 

0.2 ml. of 5A r -aqueous potassium hydroxide. 

2. Urine blank . 

0.2 ml. alcohol solution of urinary steroids ; 

0.2 ml. of aldehyde-free alcohol ; 

0.2 ml. of 5A T -aqueous potassium hydroxide. 

3. Reagent blank. 

0.2 ml. aldehyde-frcc alcohol ; 

0.2 ml. of 2 per cent alcoholic solution of m- 
dinitrobcnzenc ; 

0.2 ml. of 5iV*aqueous potassium hydroxide. 

The tubes arc placed in a water-bath at a tempera- 
ture of 25° C. for a period of 45 minutes and shielded 
from direct light. After incubation 10 ml. of 67 per 
cent aqueous alcohol (67 ml. absolute alcohol to 100 
mb with distilled water) arc added to each and their 
contents mixed. Absorption is measured in a Speller 
abforptiometer with Spekkcr green filters 5 in po^i- 
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tion. The small absorptions due to the urine and 
reagent blanks are deducted from the estimation (1) 
and the- quantity of 17-ketosteroid present read off 
from a standard curve in terms of androsteronc. 

In the event of the urine containing more than 
20 mg. /litre, it will be necessary to dilute the alcoholic 
extract further — for example, to 10 or 20 ml. 

Standard Curves. — A suitable standard curve may be 
prepared from 0.05, 0.10, 0.15, and 0.20 mg. andro- 
sterone in 0.2 ml. alcohol. 

Dehydro/^androstcrone, when available, gives an 
almost identical curve. 

Oestrone, a phenolic 17-ketosteroid which is re- 
moved from urinary extracts by the alkali treatment, 
gives a similar curve. The colour with oestrone is 
approximately 5 per cent greater than with a corre- 
sponding amount of androsterone. 

Results 

Recovery experiments are obviously of little 
value in an investigation of this type. Results 
obtained by the procedure described above have 
been compared with those obtained after complete 
Girard T reagent separation of the ketones from 
an extract obtained after acid hydrolysis coupled 
with simultaneous extraction with tuluol. As seen 
from the Table the figures are similar. 

Summary 

A method is described for the determination of 
the total neutral 17-ketosteroids in urine. It is 


TABLE 


COMPARISON OF 1 7-KETOSTEROID VALUES OBTAINED BV 
GIRARD T SEPARATION AND BY ETHER EXTRACTION 


Urine sample i 

1 7-Kctostcroids (mg./day) . 

A 

B 

1 

3.4 

3.8- 

2 

11.6 

11.1 

3 

13.7 

12.4 

. 4 

13.3 

14.5 

5 

19.2 

20.4 

6 

19.5 

19.5 

7 

19.8 

20.4 

8 

21.7 

23.6 

9 

29.0 

28.0 

10 

* 35.0 

37.5 


A ** Acid hydrolysis with simultaneous extraction with toluol; 
ketones separated with Girard reagent T. B ** Acid hydrolyst* 
followed by ether extraction. 


suitable for the routine laboratory arid includes a 
procedure for the elimination of undesirable.brown 
colorations which sometimes interfere in the final 
colorimetric evaluation. 
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THE VALUE OF DILUTED ANTIGEN IN THE 
WASSERMANN REACTION 

BY 

R. F. JENNISON, J. B. PENFOLD, AND J. A. FRASER ROBERTS 

From the Pathology Laboratory. Essex County Hospital.' and Research Department. Royal Eastern Counties 

Institution , Colchester 

(RECEIVED FOR PUBLICATION, NOVEMBER 19, 1948) 


This paper reports an attempt to assess the value 
of a modification of the Wassermann reaction 
wherein a suitable dilution of the normal antigen 
together with an increased amount of serum was 
used in an additional tube as suggested by 
Richardson (1940). By this method we hoped, 
first, to be able to differentiate specific reactions 
in sera giving doubtful results with the standard 
Wassermann technique from non-specific reactions, 
and, secondly, to detect weakly positive sera in 
cases of treated syphilis. 

. Sordelii (1931), by using two strengths of lipoidal 
emulsion as antigen in combination with two 
strengths of serum, showed that the specificity 
of the Wassermann reaction could be greatly 
increased. Richardson (1940) adapted the Wyler- 
Harrison technique accordingly and improved the 
specificity of the Wassermann reaction in doubtful 
cases and at the same time maintained the sensi- 
tivity as compared with the standard Wyler- 
Harrison technique. 

Vaughan (1947) recently published results agree- 
ing with those of Richardson and found that both 
the specificity and sensitivity were increased by 
the new method. Both Richardson and Vaughan 
compared the standard Wassermann reaction with 
the modified technique whereas we have used this 
method as a verification test for doubtful sera and 
as a more sensitive test for weakly positive sera. 

The theoretical basis of the modified test as 
suggested by Richardson is as follows. There is 
abundant excess of specific hapten present in the 
lipoid extract ; therefore with weakly reacting sera 
the excess of specific .hapten in the usual antigen 
(1 : 15 dilution of the lipoid extract) might pro- 
duce zonal inhibition which would be overcome by 
using a diluted antigen (1 : 90 to 1 : 150 dilution 
of the lipoid extract). Combining proportions of 


antigen and antibody would thereby be nearer 
the optimum. Further, at such high dilutions the 
strength of any contaminating non-specific hapten 
or haptens should be too low to fix a full dose of 
complement. So, by using the usual antigen in 
one tube and in another the antigen diluted 1 ; 6 
to 1 : 10, the specific and non-specific reactions 
should be more easily distinguished. A specific 
reaction which is partly suppressed by zone inhibi- 
tion with the usual antigen should be enhanced 
with the diluted antigen where proportions are 
' nearer the optimum, whereas a non-specific reac- 
tion which is partial with the usual antigen' should 
be weakened with the diluted antigen, provided 
that any contaminating hapten is not present in 
sufficient strength to fix a full complement dose 
when the antigen is diluted. 

Technique 

The Wassermann Reaction. — The technique used for 
(he routine test was that described by panton and 
Marrack (1945). To this we added tube 4, which 
contained diluted antigen and increased serum. The 
full test is summarized in Table I. 

TABLE I 


SUMMARY OF WASSERMANN TEST 


Tube 

\ * 
j Scrum 
! (ml.) 

! 

i Saline 
(ml.) 

i 

Complc- | 
ment 

(3 M.H.D. 
in 0.5 ml.) 

Aniiccn 1 
(mf) : 

! i 

Scnsh 

tized 

cells 

(ml.) 

I 

0.1 

j 0.4 

0.5 

0.5 

TO 

2 1 

0.1 

0.2 

0.7 

1 0.5 

L0 

3 

CControI) 

0.2 

0.8 ; 

I 

0.5 

! 0 

! 

1.0 

M 

J 0.2 

0.3 ! 

t 

0.5 

i 

| 0.5 

i (diluted) i 

t 

t 

j 1-0 

i 

l 
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Sera . — The sera were heated at 56° C. for half an 
hour just before the test. r 

Antigen. — The antigen was that described by 
Panton and Marrack (1945), but in tube 4 it was 
diluted 1 in 7 with normal saline. This was the 
dilution found by titration to be the most satisfactory 
for the batch of antigen used. 

Control Tube. — When tube 4 was not in use, tube 3 
contained 0.1 ml. of serum and 0.9 ml. of saline, but 
as 0.2 ml. of the serum were used in tube 4 the con- 
trol tube had to contain a similar amount with 0.8 ml. 
of saline to cover any anticomplementary action in 
tube 4. 

Sensitized Cells . — The sensitized cells were an equal 
mixture of 5 per cent sheep red blood cells and 0.5 
per cent haemolytic serum (B.W.) in normal saline. 

Incubation . — The tests were incubated at 37° C. for 
45 minutes at the fixation stage, and after the addition 
of the cells for a further 20 minutes at 37° C. 

The Kahn Reaction, — All sera were tested at the 
same time by the standard Kahn reaction, 

Reading of the Tests,—' The Kahn tests were read as 
positive, negative, or doubtful. The Wassermann re- 
actions were read similarly ; that is, in the absence of 
complete fixation or complete haemolysis in all test 
tubes the result was doubtful. After the tests were 
read dilutions from the control tubes which. repre- 
sented 100 per cent haemolysis were made with water 
in four similar tubes to give standards of 20, 40, 60, 
and 80 per cent haemolysis (that is, 80, 60, 40, and 
20 per cent of fixation). All tubes not showing com- 
plete haemolysis were centrifuged and the supernatant 
was compared with the five standard tubes. The 
degree of haemolysis in tubes 1, 2, and 4 of all tests 
was thereby estimated to the nearest 10 per cent and 
recorded. 

Selection and Classification of Cases 

During the investigation approximately 9,000 
routine standard Wassermann and Kahn reactions 
were carried out. The sera came from venereal 
disease and antenatal clinics and from general 
cases. During the latter part of the. investigation 
we ceased to do the Wassermann and standard 
Kahn reactions on the antenatal cases as a routine, 
but instead used a presumptive Kahn reaction as 
a screening test. Sera with doubtful or positive 
Kahn reactions were also received from other 
laboratories in the region which did not undertake 
Wassermann reactions. 

From these routine cases we selected for the 
, modified test: (1). those sera showing incomplete 
fixation with 3 M.H.D. of complement ; (2) those 
sera showing a discrepancy between the routine 
■Wassermann and Kahn reaction; (3) sera from 
cases of treated syphilis which previously had not 
been consistently negative with the modified test ; 
(4) sera from cases giving positive routine Wasser- 


mann or Kahn reactions with no clinical evidence 
of syphilis ; and * (5) sera from antenatal clinics 
giving a positive or doubtful presumptive Kahn, 
reaction. • 

These cases were classified as follows: group I, 
untreated syphilis ; group II, treated syphilis ; 
group III, cases suspected of syphilis from the 
history or clinical signs ; and group IV, cases 
without history or signs of syphilis. - 

The total number investigated was one thousand. 

If no tube 4 had been used our Wassermann 
reaction results would have been as shown in 
Table II. 


TABLE II ' 

RESULTS OF THE WASSERMANN REACTION BY THE STANDARD 
TECHNIQUE 


Group 

! No. 
of 
sera 

Numbers 

j Percentages 

Posi- 

tive 

Doubt- 

ful 

Nega- 

tive 

Posi- 

tive 

Doubt- 

ful 

Nega- 

tive 

I 

68 

44 

13 

11 

65 

19 

1 l 6 

11 

531 

95 

137 

299 

18 

26 

I 56 

III 

140 

20 , 

23 

97 

14 

17 

I 69 

rv 

261 

3 1 

19 

239 

1 

7 

92 


It was expected that positive results would occur 
with decreasing frequency in our clinical groups I 
to IV, and, as Table II shows, our belief was amply 
confirmed. When the negative results by the stan- 
dard technique — i.e., showing complete haemolysis 
in tubes 1 and 2 — were considered in the light of 
haemolysis or fixation in tube 4 it was found that 
some were confirmed by complete haemolysis in 
tube 4 and others were made doubtful, by the 
presence of complete or partial fixation in that 
tube (see Table III). 

TABLE III 


NEGATIVE RESULTS (100 PER CENT HAEMOLYSIS IN TUBES 1 
> AND 2) . 


Group 

Total 

tests 

Confirmed 
by tube 4 

Made j 
doubtful 
by tube 4 

percentage 

made 

doubtful 

I 

11 

5 

- 6 

54.5 

n 

299 

216 

S3 

-27.8 

in i 

97 

88 i 

9. ’ 

' v 9.3 

rv 

l 

239 

237 

2 

. 0.8 


This shows that of 646' sera which would have 
been negative with the standard Wassermann 
reaction technique, 100 became doubtful by the 
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modified technique. As 89 of these are known 
syphilitic cases and nine probably or possibly 
syphilitic, there is an obvious increase in sensitivity. 

Turning now to the doubtful results by the 
standard technique and assessing them with the 
results in tube 4, they are more clearly seen if 
those showing fixation in tube 4 equal to or greater 
than in tube 1 are grouped together, and those 
with fixation in tube 4 less than in tube 1 kept 
separate. • 


TABLE IV 

DOUBTFUL RESULTS (PARTIAL FIXATION IN TUBES 1 AND 2) 


Group 

No. 
of sera 

Fixation 

Percentages 

4>1 

4<1 

4>1 

4<1 

I 

13 

13 

0 

100 

0 

n 

137- 

111 

26 

81 

19 

m 

23 

14 

9 

61 

39 

IV 

19 

3 ' 

16 

16 

84 


It is clear that fixation is less in tube 4 than in 
tube 1, with increasing frequency from group 1 to 
group IV, and suggests that this fact is helpful in 
differentiating between those irregular results due 
to syphilis from those which are not, thereby 
increasing the specificity of the test. In only five 
cases was the standard Wassermann positive (that 
is, full fixation in tubes 1 and 2) converted to 
doubtful by -the presence of tube 4 (partial fixa- 
tion in that tube). In all, the fixation in this tube 
was high — namely, 80 per cent," 80 per cent, 70 per 
cent, 60 per cent, 60 per cent The significance 
of these results is discussed later. It is evident that 
the addition of tube 4, and the use of this read- 
ing in accordance with theoretical expectation, 
improves the specificity and sensitivity of the 
Wassermann reaction. 

In order to combine the haemolysis readings so 
as best to separate probably positive from probably 
negative results, it is necessary to examine the 
figures without preconceptions. The statistical 
methods used arc described more fully elsewhere 
(Jennison, Pcnfold, and Roberts, 1948); in the 
present paper we are presenting briefly the results 
obtained. The material comprises the readings 
in the three tubes for the 297 cases in which 
haerpolysis is incomplete in at least one tube. The 
problem is to find that method of using the read- 
ings which maximizes the variation between the 
four clinical groups, and at the same time mini- 
mizing the variation within the group's ; in other 


words, w'hat is required is to combine the percen- 
tage haemolysis readings . so as to make the four 
clinical groups as unlike as possible. The measure 
of the efficiency attained is the ratio of the varia-' 
tion between groups^ to the variation within 
groups ; this is called the variance^ ratio. 

It was found that the percentage haemolysis 
figures in tubes 1 and 2 w r ere, w r hen taken alone, 
of no value for classifying doubtful sera, for the 
variation within groups actually exceeds the varia- 
tion between groups. (This is an interesting con- 
firmation of^the sound but not always accepted 
practice that the standard Wassermann reaction 
should not be read otherwise than as positive, 
doubtful, and negative.) The readings in tube 4, 
however, gave a very different result. The vari- 
ance ratio is no less than 12.10, indicating a very 
useful amount of discrimination. This is illus- 
trated graphically in Fig. 1, which show's that the 



less haemolysis there is in tube 4 the more likely 
the result is to be truly positive (using, as always, 
the criterion that the four clinical groups represent 
decreasing proportions of true sero-positive syphi- 
lis). Actually the reading in tube 4 alone differenti- 
ates the groups somewhat better than does the 
difference between tubes 1 and 4, the method 
suggested by theory'. This latter method gives a 
variance ratio of 10.67. The discrimination 
attained is illustrated by Fig. 2. 

The next task w*as to combine the readings in 
all the tubes in such a wmy as to maximize the 
difference between groups. The function which 
does so is the following: 

105 — (✓ ' haemolysis in tube 1 ) — t Co haemolysis in tube 2) 
—1 haemolysis in tube 4) 
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The variance ratio is now 16.77— that is, the 
variation between the four clinical groups is 16.77 
times the variation within the groups. 


TABLE V 

COMPARISON OF EFFICIENCY OF DIFFERENT PROCEDURES 



i 

Variance 

ratio 

Relative 

efficiency 

Discriminant function 

16.77 

100 

Reading in tube 4 alone 

12.10 

72 

Difference tube 4-tubc 1 

10.67 

64 

Tubes 1 and 2 alone . , 

<1 



# The rounding off of the coefficients of the func- 
tion to 1, i, and 1| entails only a trifling loss of 
information and has the great advantage of giving 
a formula that can be worked out in a moment. 
The arbitrary constant, 105, has been chosen* so 
that if a positive answer (including zero) is regarded 


as “probably positive” and a negative answer as 
“ probably negative ” as many group II as possible 
are made probably positive without making more 
than five of group IV probably positive. The dis- 
crimination attained is illustrated in Fig. 3. 

The result is a remarkable one. -Although per- 
centage haemolysis in tubes 1 and 2 is, useless by 
itself for further discrimination of doubtful sera, 
yet in combination these readings are capable of 
improving considerably the result' obtained from 
tube 4 alone. Furthermore the function confirms 
theoretical expectation, for its leading feature is 
the* difference between tube 1 and tube 4. Its 
greater efficiency compared with the simple differ- 
ence method is due to assigning greater weight to 
tube 4, to taking into account the magnitude of the 
difference, and also to making some lesser use of 
tube 2. Actually, the increased efficiency attained 
by using the discriminant function is not fully 
shown by the comparison of the variance ratios 
because of the limited range of .values when read- 
ings are made in steps of 10 per cent. 

It will be noted that as in the difference method 
(tube 1 — tube 4) a previously negative result made 
doubtful by tube 4 becomes probably positive, but 
unlike the difference method, the function makes 
the five previously full positives probably positive. 
In all the fixation in tube 4 was high (80 per cent, 
80 per cent, 70 per cent, 60 per cent, 60 per 
cent) ; it would have to be 20 per cent or less to 
make such a result 44 probably negative.” As three 
of these cases belonged to group II and two to 
group III this would appear to be an additional 
advantage of the function. 

A comparison of the difference method and the 
discriminant function method is shown in Table VI. 


TABLE VI- - * ■ 

COMPARISON OF THE DISCRIMINANT FUNCTION AND SIMPLE 
DIFFERENCES WITH 297 DOUBTFUL SERA 


Group 

Probably positive 

Probably negative 

Function 

| Difference 

Function 

Difference 

I 

19 

19 

0 

0 ‘ 

IT 

212 

194 

11 

29 

rn 

27 

23 

7 

n 

rv 

5 

5 

• 16 

16 


The figures under “Difference” are obtained 
by adding 4>1 and 4=1 for the “probably posi- 
tive” and 4<1 for the “probably negative.” 

The actual magnitude of the figure given by the 
function with individual sera should not be inter- 
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preted too closely ; that is to say, while it may be 
-true in a rough general way that the larger the 
figure the “ more positive ” the result 'and vice 
versa, there will be many anomalies. This is due 
to the very non-normal distribution of the 
haemolysis figures. In spite of this a straightfor- 
ward linear function of the variables is obviously 
useful, and a more complex function might well 
prove no more satisfactory, and would be both 
difficult and tedious to apply in practice. It is 
clear that common sense must be used with the 
results obtained, caution observed in arguing from 
actual figures, and results near the borderline read 
with some degree of reserve. 

No attempt to assess the value and position of 
the standard Kahn reaction was undertaken. This 
has already been done many times. However, 
in terms of simple product-moment correlation 
coefficients, using three categories, positive, doubt- 
ful, and negative, the correlation of the Kahn 
test with the various tubes was as follows: 

Tube 1 0.62S9 

Tube 2 0.6023 

Tube 4 0.6766 


The closer correspondence of tube 4 with the 
Kahn is not very’ marked, but the difference is 
significant. 

Summary’ 

One thousand Wassermann and Kahn tests were 
performed on sera expected to give difficult results. 
The sera were separated into four groups accord- 
ing to the clinical diagnosis. The standard Kahn 
test was used, but the Wassermann was modified 
by the addition of an extra tube (tube 4) in which 
was increased serum and decreased antigen. The 
addition of this tube to the test increased its speci- 
ficity and sensitivity. A discriminant function was 
worked out and used with the results to aid their 
interpretation. Its value has been shown and it 
is simple to use. The Kahn test correlated most 
closely with the additional tube. 
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COUFORM INFECTION OF THE URINARY TRACT 

by 

P. N. COLEMAN AND S. TAYLOR 
From the Laboratory , Townleys Hospital, Dolton, Lancashire 

(RECEIVED FOR PUBLICATION, FEBRUARY 14, 1949) 


This paper concerns the investigation of the 
types of coliform organisms encountered in the 
urines of one hundred consecutive cases of pyuria 
admitted to Townleys Hospital, Bolton, during 
1948. Recently Warner (1948), discussing urinary 
infection in paraplegic patients, has drawn atten- 
tion to the frequency with which Bact. aerogenes 
was found. This organism was insensitive both 
to sulphanilamide and to penicillin, and Warner 
considered that these drugs may be of only limited 
value in urinary infection. It was thought that it 
would be interesting to discover if a similar high 
incidence of Bact. aerogenes would be found in 
other types of urinary infection and to consider 
all the types of coliform organisms found from 
the point of view of chemotherapy. 

Methods 

Wet and stained films of centrifuged deposits from 
catheter specimens of the urines were examined and 
the urines cultured on MacConkey’s medium and 
blood agar. Any coliform bacilli isolated were 
identified by biochemical tests, and their sensitivity 
to sulphanilamide, penicillin, and streptomycin was 
determined. The fermentation reactions using glu- 
cose, mannitol, lactose, sucrose, and salicin were 
employed. Other tests used were: the formation of 
indole, gas production at 44° C., utilization of citrate, 
Vosges Proskauer test (Barritt’s modification), and the 
methyl red reaction. The coliform bacilli were identi- 
fied by the criteria described in Topley and Wilson’s 
Principles of Bacteriology and Immunity (third 
edition). 

Of the eighteen strains of Bact. aerogenes tested, 
six produced gas at 44° C. after 48 hours’ incubation 
though not after 24 hours’. They were, however, 
classified as Bact. aerogenes. P. vulgaris was distin- 
guished from P. morgani by the ability to swarm on 
blood agar. The paracolon bacilli included three 
anacrogenic strains, two of which were late lactose 
fermenters. 

Sulphanilamide sensitivity tests were carried out by 
the method of Harper and Cawston (1945). Penicillin 
and streptomycin sensitivities were .^determined by 
inoculating one drop of an overnight broth culture 


of the organism under test into broth containing the 
drug in the appropriate concentration. These cultures 
were incubated overnight and examined for growth 
next morning. 

Results 

Table I shows the incidence of the varieties of 
coliform and other organisms associated with 
various clinical conditions. • The cases were 
divided' into two groups; group 1, in which 
there was no gross lesion of the urinary tract; 
and group 2, where infection was secondary to 
a surgical op medical condition affecting the 
tract. ' 

It was found that in group 1 Bact. coli was the 
predominant organism (49 strains compared with 
12 of other organisms) whereas in group 2 Bact . 
coli was relatively uncommon (7 strains compared 
with 56 of other organisms). Its place was taken 
in roughly equal proportions by P . vulgaris , P . 
morgani , and Bact. aerogenes. In group 1 pore 
cultures were frequent and Gram-positive cocci 
infrequent; in group 2 the reverse was found.^ 

Table II shows the sensitivities to sulphanil- 
amide, penicillin, and streptomycin. In planning 
these tests regard was paid to the concentrations 
that could be obtained in the urine. The Medical 
Research Council pamphlet suggests that concen- 
tration of sulphanilamide of 100 mg./ 100 ml. of 
urine can readily be obtained. Peeney (1946) found 
that concentrations of up to 200 units per ml. of 
penicillin could be maintained in the urine, while 
Petroff and Lucas (1947) obtained average concen- 
tration of 70 to 100 |Lig. of streptomycin per ml. 
Table II shows that bacteriostatic concentration 
to Bact. coli can be obtained in the urine both by 
sulphanilamide and by penicillin, to P. vulgaris 
by penicillin, and to a few strains (4 out of 19) 
by sulphanilamide. Bacteriostatic concentrations 
could not be obtained with either of these two 
drugs against Bact. aerogenes or P. morgani AH 
but one of the coliform strains tested were sensitive 
to streptomycin. 
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TABLE I ' . - ' 

varieties of couform and other organisms associated with various -clinical conditions 


3 
rt C-. 

U o 
.. c 
— o 

o 


o 


No. 

of 

cases 


Acute pyelitis 
with fever and 
pain: 

{a) pregnancy 
( b ) non-pregnant 
Pyelitis of preg- 
nancy without 
fever or pain - 1 
Pyelitis in child-| 
ren 

Cystitis of preg- 
nancy 

Cystitis of puer- 
perium 
Cystitis 


16 

5 


11 

2 

7 

8 

11 


Fact. 

coli 


16 

5 


10 

1 

2 

8 

7 


Bact . 
aero- 
genes 


P. 

vulgaris 


P. 

morgani 


Atypi- 

cal 

Bact. 

coli 


Para- 

colon 

bacilli 


Ps. 

pyocy- 


Bact. 

alkal- 

igenes 


Gram- 

positive 

cocci 


Pure 

culture 


16 

5 


II 

2 

4 

4 

6 


Total, Group 1 


60 


49 


4 - 


11 


48 


m 

? M H 
CJ w 

yi— 

B 


Enlargement of 
prostate 
Paraplegia 
Papilloma of 
bladder 

Extravasation of 
urine 

Vesicovaginal fis- 
tula 


29 

7 

2 

1 

1 


14 

2 

1 

1 


14 

2 


13 

1 


23 

5 


Total, Group 2 


40 


18 


17 


14 


- 30 


In group 2 there were two females and in group ! three males: two young men with acute pyelitis and one child with pyelitis. 

TABLE II 

concentration of drug to which organisms are sensitive 


Penicillin units per ml. 


Sulphanilamide mg. per 100 ml. 



No. of 
strains 
tested 

Not 

sensi- 

tive 

>500 

500 

to 

100 

Less 

than 

100 

No. of 

I strains 
tested 

Not 

sensi- 

tive 

>200 

200 

to 

100 

m 

m 

Less 

than 

20 

No. of 
strains 
tested 

1,000 

to 

500 


50 

to 

25 


1 

5 

to 

2.5 

Less 
than 
! 2.5 

i 

Bact. coli 
Bact. aero - 

56 

1 

2 

53 

56 

1 1 

2 

22 

| 31 

27 


— 

1 __ 

2 

8 

15 

i 2 

1 

genes . . | 
Proteus vul- 

19 

19 

— 

— 

19 

17 

— 

2 

i 

12 


— 

— 

H 

I 

7 

1 * 

“T 

; 

garis . . 

20 

— 

— 

20 

19 

15 



I 

3 

16 

_ 

1 

15 

H 

! 



P. morgani 
Atypical 

14 

13 

1 

— 

12 ! 

11 

— 

1 

— 

10 

I 

— 

2 

■ 

1 

5 

| 

1 

Bact . cr>/i 
P.f. />yo- 

5 

I 

2 

2 

5 

— | 

— 

4 ; 

1 

4 1 

— 

— 

— 

H 

- 

4 i 

i 

! — 

fJWfll 

Paracolon 

3 

3 

— 

— 

3 

3 

— 

— 

— 

3 

— 1 

— 1 

i : 

2 

i 

i 

- s 

| — 

bacilli . . 
Bact . alkal 

6 

1 

3 

2 

6 

— 

I 

4 

1 

3 

— 

— 

H 

I 

— 

i j 

| 1 

i genes . . 

1 

— 

— 

1 

I 

l 

— 

I 

1 

1 

— 

— 

l j 

— ' 

1 _ 

i 

“i 

I 


Streptomycin /ig. per ml. 


ml. Out 
e ccrrrr’.ct 
nhihiUcru 


of 31 strains 
c!y inherited, 
and 2 were c 


cf P.iZS. CT*'i 

Oct cf K 
srnrt eteljr in 1 


s:ra;nt 

■ubiied 
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Discussion 

Reports vary of the incidence of the different 
types of coliform bacilli in urinary infections. 
Thus in 200 cultures from all clinical types of 
infection Hill et al. (1929) found 100 strains of 
Bact . coli, 79 strains of Bact. aerogenes, and 5 
strains of the proteus group. In the urine of para- 
plegic patients Petroff and Lucas (1946) found 41 % 
of the coliform organisms were Bact. aerogenes and 
16% proteus, while Warner (1948), considering only 
those which fermented lactose, found 32 out of 50 
coliform organisms studied were Bact . aerogenes . 
On the other 'hand, Cross (1937), in a series from 
which urinary infections secondary to prostatic 
enlargement were excluded, found 17 strains of 
Bact. coli , 2 of Bact . aerogenes , and 5 of other 
organisms. Marple (1941) in a series of thirteen 
cases of women with pyuria found Bact. coll 
strains only, and Dodds (1931), considering urinary 
infection in pregnancy, found 49 Bact. coli strains 
and only one Bact. aerogenes (Bact. friedlander ). 

The present findings suggest that the rate of 
urinary flow may be the factor which determines 
the incidence of Bact , coli in infected urines. In 
this series the group of cases of primary urinary 
infection consists largely of women and includes 
a high proportion of cases occurring in pregnancy, 
whereas the group of cases of infections secondary 
to obstruction includes a large proportion of cases 
with enlargement of the prostate. No doubt this 
distribution of cases is determined in part by the 
type of case admitted to the particular hospital, 
but it is thought that any representative series of 
cases of urinary infection would show that the 
primary cases were much commoner in women 
than in men, that in women they were often asso- 
ciated with pregnancy, and that the commonest 
cause of urinary obstruction was enlargement of 
the prostate (and for this reason the group where 
the infection was secondary to obstruction would 
include many cases of this condition). The series 
is considered, therefore, representative enough to 
draw general conclusions. 

A possible explanation of the difference in dis- 
tribution of Baer, coli infections between the two 
groups might be that in the first group the pyuria 
represents infection of kidney or bladder tissue, 
the urine in these cases flowing too freely to admit 
much bacteriological multiplication, whereas in the 
second group stagnation of the urine is the impor- 
tant factor and growth of bacteria occurs in the 
urine itself. As a tissue invader Bact. coli might 
be the most successful organism, whereas for 
growth in the poor medium afforded by stagnant 


urine the saprophytic organisms Bact. aerogenes, 
P. vulgaris, and P. morgani might have the 
advantage. 

The results of the sensitivity tests compare with 
the findings' of previous papers. Bact. coli is sensi- 
tive to sulphanilamide (Strauss and Finland, 1941 ; 
M.R.C. pamphlet on sulphonamidcs, 1943), while 
Bact. aerogenes (Warner, 1948), P. vulgaris (M.R.C. 
pamphlet ; Stewart, 1945), and P. morgani (Neter 
and Clark, 1944) are relatively non-sensitive. Bad . 
coli and P. vulgaris are relatively sensitive to peni- 
cillin (Warner, 1948 ; Stewart, 1945 ; Peeney, 1947), 
Bact . aerogenes and P. morgani are not (Warner, 
1948 ; Helmholz and Sung, 1944 ; Peeney, 1947). 
On the other hand, Warner found that the 12 Bad. 
coli strains tested as well as the Bact. aerogenes 
strains were insensitive to 50 mg./lOO ml. of 
suiphathiazole. 

Comparing the results of the sensitivity tests 
with the incidence of the various types of coliform 
organisms investigated, success in the treatment 
with sulphanilamide might be expected in the non- 
obstructive cases since Bact. coli is the commonest 
infecting organism, but not in the cases secondary 
to obstruction because coliform organisms which 
are not sensitive predominate in this type of infec- 
tion. The use of penicillin might improve results 
in the cases of urinary obstruction because of its 
additional action on P. vulgaris. In the present 
series, however, although P. vulgaris was found 
in the urine of seventeen out of forty cases of infec- 
tion secondary to obstruction, in twelve of these 
cases it was accompanied by Bact. aerogenes or 
P. morgani, organisms insensitive to penicillin. In 
cases of urinary obstruction there is the additional 
factor that while the obstruction is unrelieved there 
is a continuing liability to reinfection ; but even 
if this factor is disregarded the series shows the 
prospects for chemotherapy by sulphanilamide and 
penicillin are not good. 

These findings are in accord with clinical experi- 
ence. Thus Brown (1946), discussing the treatment 
of the urinary infections of pregnancy with sul- 
phanilamide, states the results are very satisfac- 
tory ; and Donovan (1947) found that sulphon- 
amides would not sterilize the urines of his 
paraplegic patients. 

Streptomycin, when it becomes available, would 
seem to offer for the first time the possibility °f 
obtaining a bacteriostatic concentration effective 
against all types of coliform bacilli found in 
urinary obstruction. However, the liability 
reinfection on withdrawal of the drug remains, 
and reports emphasize the rapid development of 
insensitive strains. Perhaps the most useful func- 
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tton of streptomycin will.prove to.be the obtaining 
of a sterile field for a limited period during which 
a surgical operation for relief of obstruction can 
be carried out. 

Summary 

1. The incidence of different types of coliform 
bacilli in cases of urinary infection has been 
studied. A comparison has been made between 
types isolated from cases of primary urinary infec- 
tion and urinary obstruction. Sensitivities to 
sulphanilamides, penicillin, and streptomycin were 
determined. 

2. In cases of primary urinary infection Baa . 
coli was the predominant organism; in cases 
secondary to urinary obstruction Bact. aerogenes , 
P. vulgaris , and P. morgani predominated. 

3. Bact . coli is sensitive to sulphanilamide and 
penicillin in concentration obtainable in urine. 
P. vulgaris is sensitive to penicillin, but P. morgani 
and Bact aerogenes are sensitive to neither of 
these drugs. All types of coliform bacilli tested 
are sensitive to streptomycin. 


4. Because of the high' incidence of non-sensitive 
strains found in cases of urinary infection second- 
ary to obstruction, no benefit from treatment with 
sulphonamides or penicillin is likely. 


We should like to thank Dr.'Doris Stone for advice 
and criticism and for carrying out the Eijkman tests, 
and Drs. E. S. Gawne and L. A. Ledingham for help 
in the clinical diagnosis of the cases quoted. 
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TECHNICAL METHODS 

A SIMPLIFIED PROCEDURE FOR BLOOD CELL COUNTS 
AND HAEMOGLOBIN DETERMINATION 

BY 

FELIX WROBLEWSKI, MURRAY WEINER, AND SHEPARD SHAPIRO 

From the Third (New York University) Division, Goldwater Memorial Hospital , New York ; and jhc 
Department of Medicine, New York University College of Medicine 

(RECEIVED FOR PUBLICATION, FEBRUARY 22, 1949) 


Blood cell counts and haemoglobin determina- 
tions are so common in modern medical practice 
that even minor technical simplifications may 
result in significant savings of time, effort, and 
expense. Using standard methods the blood- 
counting technician to-day carries a multitude of 
pipettes on his rounds. These pipettes must be 
carefully filled to a mark with blood, and then 
with diluting fluid, care being taken to avoid air 
bubbles. Later, the pipettes must be individually 
cleansed, using suction apparatus. 

The method described in this report requires 
no pipettes or filling-to-mark procedures at the 
patient’s bedside. It employs the principle of a 
calibrated capillary tube for blood sampling 
described by Goldfeder and her co-workers (1948) 
in animals. The greater simplicity of this method 
over the orthodox procedure suggested its use in 
clinical medicine. A comparative study was made 
in order to evaluate its accuracy as compared with 
the standard method for determination of the 
erythrocyte and leucocyte counts and haemoglobin 
concentration of the peripheral blood. 

Procedure 

Capillary tubes are prepared and calibrated to con- 
tain the amount of blood equal to the 0.5 mark of 
the Thoma blood cell pipette. This capillary tube is 
filled with blood obtained by finger puncture, and 
then diluted with a volume of diluting fluid (HayenTs 
solution for red cells, 2 per cent acetic acid for white, 
0.1N hydrochloric acid for acid haematin formation), 
and the blood count or haemoglobin determination 
is made in the usual fashion using a Neubauer Brite- 
linc counting-chamber and Sahli haemometer.* 

* The method N applicable to the malting of haemoglobin deter- 
minations with a photoelectric colorimeter, acid or alkaline diluent. 
During the war Dr. J. Murray Steele (then commander, U.S.N.) 
employed a similar procedure with a photoelectric colorimeter. 


Mercury is drawn into a standard Thoma white- 
cell pipette up to the 0.5 mark, and the measured 
volume of mercury is transferred to a length of capil- 
lary tubing through a wide end. Lengths of capillary 
tubing containing the measured amount of mercury 
are marked off with a diamond-point pencil, and these 
calibrated lengths are then separated into individual 
tubes. Thus, each capillary tube contains exactly the 
volume of blood ordinarily drawn into the white-cel! 
pipette up to the 0.5 mark. Capillary tubes for the 
red-cell and haemoglobin determinations are pre*. 
pared by the same technique using the correspond- 
ing pipettes. By this technique, a large supply of 
calibrated capillary tubes can be prepared at one 
time. 

Red Cell Count — Diluting fluid (Hayem's solution) 
is drawn into a standard red cell pipette up to the | 
101 mark, and then transferred to a small test tube | 
(75 x 10 mm.). The finger-tip is punctured. A. cali- 
brated red-cell capillary tube, held in a pair of j 
forceps, is touched to the finger-tip blood, and this j 
results in immediate filling of the tube by. capillary 
action. The blood-filled capillary is then dropped 
into the test tube containing the diluting fluid, f, after 
which mixing is readily accomplished by shaking- 
A drop of red-cell suspension is then transferred to 
a counting chamber by means of a glass rod or 
applicator* stick, and the cells, are counted by the 
usual method. 

White Cell Count.—The method is in every way 
identical with that described for the red cells, except . 
that the corresponding diluting fluid (2 per cent acetic 
acid), diluting volume,! and calibrated white cell 
capillary tube is used. 

t By this method the blood is diluted 1:201, as compared 10 
1 : 200 by the standard method. This introduces a negligible error 
of 0.5 per cent in the final red cell count. 

t The standard white-cell pipette dilutes blood 1 : 20. By th* 
method here described the dilution is 1 : 21, a difTcrcncc of 5 per cent, 
which is barely significant. This small error can be corrc ted by 
using a recalibrated pipette or by withdrawing from the delivered 
diluting fluid the equivalent excess volume, or simply by adding 5 per 
cent to the final white count. 


BLOOD SAMPLING PROCEDURE 
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TABLE I 


BLOOD COUNTS ON TWENTY-FIVE PATIENTS 

\ 


Patient 

Haemoglobin (g./lOO ml.) 

Red 

cells (millions/mm. 3 ) 

White cells (hundreds/mm. 3 ) 

Capillary 

Standard 

CapiJ 

Iary 

Standard 

Capillary 

Stan 

iard 

1 

12.0- 

11.5 

12.0 

12.0 

4.4 

4.3 

4.1 


78 

76 

78 

70 

2 


11.0 

11.0 

11.5 

3.2 

3.1 

4.0 


168 

158 

132 

148 

3 

12.5 

13.0 

12.5 

13.0 

3.2 

3.5 

4J2 


80 

86 

74 

86 

4 

12.0 

12.0 

12.5 

12.0 

3.4 

3.2 

4.5 


70 

69 


63 

5 

' 6.5 

6:5 

5.5 

6.0 

1.3 

1.3 

1.5 

1.2 

34 

32 

34 

32 

6 

12.5 

13.0 

12.5 

12.5 

3.4 


4.0 

3.5 

114 

116 

■n 

no 

7 

12.0 

13.0 

13.0 

12.0 

4.5 


4.7 

3.5 

90 - 

SO 

96 

82 

8 

10.5 

11.0 

11.0 

10.5 

3.0 


3.4 

3.4 

106 


98 

114 

9 

12.0 

11.5 

11.5 

11.5 

4.6 

hB 

4.6 

4.7 

132 

120 

80 

118 

10 

14.0 

14.0 

14.0 

13.0 

3.7 

BTlfl 

3.7 

3.6 

84 

79 

142 

IIS 

11 

13.0 

13.0 

13.5 

12.5 

5.2 

5.0 

4.8 

4.3 

J04 

94 

100 

84 

12 

14.0 

14.0 

14.0 

14.0 

4.3 

mm 

4.4 

4.4 

104 

98 

90 

94 

13 

12.5 

12.0 

12.5 

12.5 

5.2 

mm 

4.8 

-4.5 

102 

100 

86 

78 

14 ‘ 

13.0 

14.0 

14.0 

13.0 

4.9 

4.8 

5.2 

5.8 

68 

74 


5S 

15 1 

10.5 

11.0 

10.5 

10.5 

5.4 

mem 

5.1 

1 rflj 

118 

130 


120 

_ 16 * 

14.0 

14.0 

13.0 

13.0 

5.7 | 

K» 

4.9 


100 

96 

104 

96 

17 

. 13.5 

. 13.0 

13.5 

14.0 

3.8 

3.8 

4.0 


78 

92 

98 

76 

18 

13.0 

13.0 

13.0 

12.5 

4.2 

4.3 

mSM 

mm 

88 

106 

92 

105 

19 

13.5 

14.0 

14.0 

14.0 

3.3 

3.4 


BT7M 

68 

76 

7S 

72 

20 

12.0 

12.0 

12.0 

12.0 

3.7 

3.5 

4.0 

4.0 

82 

SO 

82 

78 

21 

. 14.0 

14.0 

14.5 

14.0 

4.2" 

4.3 

4.2 

4.2 

68 

64 

70 

68 

. 22 

12.0 

12.5 

12.5 

13.0 

3.2 

3.2 

4.0 

3.4 

78 

78 

76 

64 

23 ‘ 

12.0 

12.0 

12.0 

12.5 

3.0 

3.2 

3.1 

3.0 

84 

84 

74 

74 

- 24 

13.5 

14.0 

13.0 

13.0 

3.1 

3.4 

3.3 

3.6 

178 

190 

188 

194 

25 

12.5 

12.0 

12.0 

12.0 

3.7 

3.7 

3.6 

3.7 

62 

66 

66 

^ 70 


Haemoglobin Determinations.— Dilute (0.1 N) hydro- 
chloric acid is added to the comparison tube of the 
Sahli haemometer in the usual manner. Using a cali- 
brated haemoglobin capillary tube, finger-tip blood is 
obtained and the blood-filled capillary dropped into 
the comparison tube, which is then shaken to accom- 
plish mixing. Distilled water is added until the 
colour matches the standard. 


The statistical significance of these differences 
of the means of columns 3 from 4 and of column 
5 from 6 have been calculated,* and yield a prob- 
ability of about 2 in 100 that these -differences arc 
due to chance alone. On the other hand, the 
mean differences between paired determinations 
of haemoglobin showed the same value by both 
methods. 


Data 

Blood counts were made on twentv-Tivc patients 
employing both the standard method as described 
by Todd and Sanford (1943) and the modified 
capillary method. Each determination was made 
twice by each method, totalling four complete 
blood counts on each patient. The results are 
shown in Tabic I. The data in Table II demon- 
strate that the figures obtained by paired deter- 
minations using capillary tubes for cell counts 
ditTcr from each other less than the results with 
standard pipettes. 


Discussion 


The advantages of the capillary' tube method 
described are especially apparent in hospitals and 
clinics where many blood counts are done daily. 
Only one set of pipettes is required for any 
number of complete blood counts. The capillary 
tubes can be calibrated readily in the laboratory. 


* Com pin sen of the mean d Terence of ; 
itar.dard method to the rsun d Termer cf‘ 
capillar) method vietdrd a t value cf 2 . 15 . 
cvmparnon for hit e counts u as Z.i<. t h cal: 


paired red counts h;« the 
paired red counts h> th^ 
I he t fo- the wr: 

ruJited fro**' the ! '•-m t j • 
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TABLE II 

TABLE OF DIFFERENCES BETWEEN PAIRED DETERMINATIONS 



Haemoglobin 
(g./lOO mm. 3 ) 

Red blood 
count 

(million/mm. 3 ) i 

White blood 
count 

(hundred/mm. 3 ) 


1 

2 

i 

3 

4 

5 

6 


Stan- 

Capill- 

Stan- ; 

Capill- 

Stan- 

Capill- 


dard 

ary 

dard j 

ary ■ 

dard 

ary 

1 



0.5 

0.6 

0.1 

8 

2 

2 

0.5 

1.0 | 

1.5 

0.1 

16 

10 

3 

0,5 

0.5 

0.3 i 

0.3' 1 

12 

6 

' 4 

0.5 

■ 

0.8 

0.2 , 

7 

1 

5 

0.5 

— 

0.3 

— 

2 

2 

6 i 

— 

0.5 

0.5 i 

0.1 

10 

2 

7 

1.0 

1.0 | 

1.2 , 

0.1 

14 

10 

8 

0.5 

0.5 

— 

0.2 

16 

— 

9 

— 

0.5 

0.1 

0.2 

38 

12 

10 

1.0 

— 

0.1 , 

0.3 

24 

5 

11 

1.0 

! 

0.5 

0.2 

16 

10 

12 

— 

1 — 

— 

1 

4 

6 

13 

— 

0.5 

0.3 

0.3 

8 

2 

14 

1.0 

1.0 

0.6 

0.1 

12 

6 

15 

— 

0.5 

0.4 

0.5 

10 

12 

16 | 

— 

— 

0.6 

1.2 

8 

4 

17 

0.5 

0.5 

0.1 

— 

22 

14 

18 

0.5 

— 

0.4 

0.1 

14 

18 

19 

— 

0.5 

0.2 

0.1 

6 

8 

20 1 

— 

— 

. 

0.2 

4 

2 

21 

0.5 

— 



0.1 

2 

4 

22 

0.5 

0.5 

0.6 

— 

12 

, 

23 

0.5 

— 

0.1 

0.2 

— 



24 

—2 

0.5 

0.3 

0.3 

6 

12 

25 | 

— 

0.5 

0.1 

— 

4 

4 

Total 

Aver-, 

9.0 

9.0 

9.6 

1 

4.9 

275.0 

152.0 

age ■ 

0.36 

0.36 

0.384 

0.196 

11 . or 

6.08 


and a supply of each kind can be kept available. 
The tubes may be re-used indefinitely after they 
have been placed in a detergent or in a cleaning 
solution, rinsed, and dried. The capillary tube 
method permits all the measuring of diluting fluid 
to be done in the laboratory at' one time, away 
from the patient and the bedside, and simplifies 
the blood sampling. There is no problem of obtain- 
ing too large or too small a quantity of blood by 
missing the mark. The technique of capillary 
filling works as well on oxalated blood as on 
finger-tip blood. The procedure is highly economi- 
cal because it eliminates the need for large 
numbers of blood-cell-counting pipettes. The cost 
of capillary tubes is negligible. 

Summary 

A modified method of blood cell counting and 
haemoglobin determination by the use of cali- 
brated capillary tubes is described. When it was 
compared with . the standard procedure it was 
found to be accurate and to give results which 
fluctuate less than those of the orthodox method. 
The new technique is economical in that it is time- 
saving and eliminates the need for large quantities 
of cell-count and haemoglobin pipettes. 
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RAPID DETERMINATION OF THE SICKLE CELL TRAIT BY 
THE USE OF A REDUCING AGENT 

BY 

A. W. WILLIAMS AND J. P. MACKEY 


Colonial Medical Service , 

Various attempts have been made to find a more 
satisfactory method for the determination of the 
sickle cell trait than the sealed wet preparation, 
the deficiencies of which are' well known. There 
is need for a rapid simple technique, giving a clear- 
cut reading, which will serve for the rapid exclusion 
of sickle cell anaemia in clinical practice and also 
for the purpose of uniform survey work. The 
various techniques have been summarized by Diggs 
and Pettit (1940) and by Singer and Robin (1948). 
Because of the speed of the reaction the rapid 
bacteriologic test ” devised by the latter workers 
is an advance over previous methods, but its 
increased complexity is a disadvantage. For 
example, a living culture of Bacillus subtilis 
and an incubator are' not available in the clinical 
side-room where a test of this nature is most 
wanted. 

The original observation of Hahn (1928), con- 
firmed and elaborated by Sherman (1940), estab- 
lished that the phenomenon of sickling only occurs 
in the blood of people with the sickle cell trait 
when the .corpuscular haemoglobin is in a reduced 
or dissociated state, the change being accelerated 
by a low pH. Search was therefore made for an 
acid reducing agent which, while causing no 
damage to the red cell in isotonic solution, would 
bring about rapid dissociation of oxyhacmoglobin 
and so reveal sickling in a short time. 

The experience of one of us in preparing haemo- 
globin solutions for teaching purposes suggested 
sodium hydrosulphite (dithionite, Na 2 S 2 OJ as a 
likely substance, and this was selected for trial. 
A 2.1 per cent aqueous solution was found to be 
isotonic and to have a pH of 6.4. It has proved an 
excellent and reliable reagent for the quick demon- 
stration of the sickling trait. 

Method 

Sodiim hydrosulphitc is a powerful reducing agent 
which decomposes in moisi air to a mixture of sodium 
thiosulphate and sodium sulphite. A solution, there- 
fore. will not keep indefinitely. For the preparation 

M 


Dar-es-Salaam, Tanganyika 

of the solution distilled water which has been freshly 
boiled and allowed to cool is used. The 2.1 per cent 
solution is made once a week, and kept in small tubes 
with a covering seal of liquid paraffin. Once the 
paraffin seal is removed, the tube should be discarded 
at the end of the day. 

Technique and Reading of Test — A drop of the 
isotonic sodium hydrosulphite solution is taken up in 
a finely drawn Pasteur pipette, and about one-sixth 
of this quantity of blood (from either a skin prick or 
venepuncture) is drawn up in. apposition to the column 
of fluid. The whole is then expelled on to a clean 
slide and rapidly mixed. The slide is inverted on to 
a coverslip and examined under the 1/6 objective. 
It is not necessary to seal the coverslip with vaseline. 
The same pipette may be rinsed in normal saline and 
used for any number of patients in rapid succession. 

If the sickle cell trait is present, sickling will occur 
in from 3 to 15 minutes, and rapidly become definite 
and generalized. It tends to appear earliest in cells 
near the edge of the coverslip, possibly due to the 
effect of surface tension on the rate of reaction. If 
there is no sickling after 20 minutes the blood can be 
pronounced negative for the sickle cell trait. Sickling 
never occurs in normal blood, though the red cells 
may undergo crenation and haemolysc after half an 
hour. 

Comparison with Sealed AVet Preparation. — One 
hundred African schoolboys were examined by both 
the sealed wet preparation, read at 48 hours, and the 
sodium hydrosulphite technique. There w-as com- 
plete agreement, both as to positives and negatives, 
between the two methods. (The numerical findings 
form part of a survey which will be published separ- 
ately.) The sodium hydrosulphitc technique always 
gave clear-cut results within 20 minutes, whereas with 
the scaled wet preparation the reading was sometimes 
still doubtful after 24 hours. 

Summary 

A technique is described for routine determina- 
tion of the sickling trait, employing a reducing 
agent to produce rapid dissociation of oxyhacmo- 
globin. A drop of a freshly prepared 2.1 per cent 
aqueous solution of sodium hydrosulphitc is mixed 
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with about one-sixth of its volume of blood. The 
suspension of red cells is observed under a cover- 
slip for up to 20 minutes. No seal is necessary. In 
speed, simplicity, and reliability this procedure is 
considered superior to other methods in use at the 
present time. 

Our thanks are due to Dr. W. D. Raymond, Govern- 
ment chemist, Tanganyika, for his assistance and 
advice in this investigation, and to the Director of 
Medical Services, Tanganyika, for permission to 
publish. 
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Shortly after submitting this paper for publication, the work of 
Thomas and Stetson (Johns llopk. llotp. tttdi., 1948, B3, 176) came 
to our notice. Of sufphydryl compounds which they tried, n saturated 
solution of hydrogen sulphide was found to be the most reliable and 
rapidly acting agent for the demonstration of sickling. While there 
is probnbly little to choose between the two reagents in their efficiency 
cs indicators of sickling, sodium hydrosulphitc has practical advan- 
tages as to odour, stability, and preparation of the solution. 
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THE PHOTOCHEMICAL PRODUCTION OF GOLD SOLS 
USING ARTIFICIAL LIGHT 

BY 

F. S. FOWWEATHER 

From the Department of Chemical Pathology, University of Leeds 
(RECEIVED FOR PUBLICATION, DECEMBER 22, 1948) 


Twenty years ago (Fowweather, 1928) a method 
for the preparation of gold sols for the Lange test 
on cerebrospinal fluids was published in which 
gold potassium bromide is reduced by potassium 
oxalate under 'the action of daylight. Tempera- 
ture and light intensity were found to be com- 
plementary to some extent ; thus it was found 
advisable to carry out the reaction at a somewhat 
raised temperature in winter, when daylight 
intensity is comparatively low. Hoess (1931) advo- 
cated the use of a “ vitalux ” lamp, and Herrmann 
(1935) measured the light intensity by a light meter 
and adjusted the temperature to the intensity of 
light. The modifications were not entirely satis- 
factory, and the search for a satisfactory light 
source which should be reasonably constant 
during the course of a preparation continued ; 
two methods were successfully developed during 
1940, and one or other has been in use here ever 
since. The first uses an ultra-violet lamp and the 
second a high-powcr electric lamp of conventional 
pattern. 

Method I 

The lamp used is a Hanovia mercury-vapour lamp 
of the type used for therapeutic ultra-violet irradia- 
tion. 

400 ml. of freshly distilled water* is placed in a 
500-ml. conical flask having a ground-glass stopper, 
and the temperature of the water is adjusted to 25* C. 
4 ml. of a freshly prepared 1 per cent solution of 
potassium oxalate (“ AnalaR”) Is added, followed by 
6 ml. of a 1 per cent solution of gold potassium bro- 
mide, and the contents of the flask arc thoroughly 
mixed. (The latter solution need not be freshly pre- 
pared. provided it has been kept in the dark in a 
tightly stoppered bottle, but it is inadvisable to use 
solutions more than a month old. 'I 

The fhsk is placed on a bench and the height of 
the bmp is adjusted so that the mercury tube is 

* It i* rot nccevary vvr dcuMy dr*tDrv5 the L'-rcrt«! 

point h that v»a?cr thoutd he (~eih.U dwtf.Jrd (Mcrmzzn. 153;). 


opposite the middle of the flask, and the distance of 
the tube from the centre of the flask is 11 in. It is 
probable that the most satisfactory distance between 
lamp and flask varies with the lamp used, so that the 
correct distance for any particular lamp should be 
determined by experiment. Immediately behind the 
flask is an upright three-piece wooden screen with 
short centre-piece parallel to the mercury tube, and 
longer wings fixed at each end at an angle of 135 c . 
This is painted white, and its purpose is to reflect the 
rays falling on it from the lamp inwards to the flask. 
As irradiation of the flask proceeds, the brown colour 
of the solution fades, and after about 12 minutes the 
solution is colourless. Then red streaks appear and 
spread through the solution, and soon the typical gold 
sol is fully developed, the total irradiation period 
being about 18 minutes. The flask is then placed in 
diffuse daylight for 3 or 4 hours^ after which it is 
stored in the dark for 2 or 3 weeks before being used, 
following the recommendation of Herrmann (1932). 

Method II 

The lamp is a standard Osram 1,000-watt lamp 
with clear, uncolourcd glass. It is used with a white 
reflector behind it, as well as one behind the flask. 
The most satisfactory' distance between the centre of 
the bmp and that of the flask wns found to be 13 in., 
and the period of irradiation about 25 minutes. All 
other procedures arc the same as those employed with 
the ultra-violet lamp. 

Discussion 

The sols prepared by the second method are 
more cloudy than those prepared by the first, and 
on the whole the first method is preferred. The 
second was used successfully over a long period 
when the Hanovia lamp was not available. The 
sol has recently been successfully prepared in 
1,000 ml. quantities by the first method (using 
I ml. of oxalate solution and 1.5 ml, of bromide 
solution for each 100 ml. of water). 
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Difficulties caused by undue stability of sols 
prepared by these methods have not been met, 
though there is some evidence that these would 
occur if sols were still employed more than about 
three weeks after they have first been brought 
into use. It is advisable, therefore, to prepare 
only such quantities as will be used within this 
period. Occasionally sols are produced- that are 
too sensitive and show a change with normal cere- 
brospinal fluid, usually of one or two degrees, in 
the second and third tubes of the Lange test range. 
Such sols are produced more frequently by the 
second method than by the first — an additional 
reason for preferring the latter. This sensitivity 
can, however, be removed by heating the sol to 
.about 90° C. and then allowing it to cool. Hence, 
whenever a new batch is to be brought into use a 
Lange test on a normal cerebrospinal fluid is made, 
and this treatment is applied if undue sensitivity is 
shown. 


Sols prepared by the methods described are 
equally suitable for cerebrospinal fluid or serum 
colloidal gold tests. 

If a transparent silica flask is used instead of a 
glass flask, the period of irradiation is shortened 
considerably in the first method, but is not appre- 
ciably altered in the second. Silica transmits ultra- 
violet light much better than glass, and it would 
appear, therefore, that in the first method the 
ultra-violet light plays ~a considerable part in the 
reaction, while in the second it is only visible light 
which is present and is effective. Hence the range 
of light frequencies capable of bringing about the 
reduction of the gold salt by potassium oxalate is 
not a very narrow one, since it includes part of 
the visible as well as the ultra-violet portion of the 
spectrum. N 
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ORTHOTOLIDINE HYDROCHLORIDE TEST FOR BLOOD IN URINE 

BY 

H. ZWARENSTEIN 

From the Department of Physiology and Pharmacology, University of Cape Town 
- " (RECEIVED for PUBLICATION, DECEMBER 1, 1948) 


In 1943 the author described a test for blood in 
urine in which small squares of filter paper impreg- 
nated^ with o-tolidine were used. The papers, 
however, deteriorated within a few months. This 
disadvantage has now been overcome by using 
solid o-tolidine hydrochloride instead of the 
papers. 

Reagents 

o-Tolidine hydrochloride. Acid-peroxide solution. 
Equal volumes of glacial acetic acid and 3 per cent 
hydrogen peroxide (freshly diluted from 30 per cent). 
The mixture is allowed to stand for twenty-four hours 
before using. The solution should be freshly pre- 
pared every three months. 

Procedure 

A small knife-point (about 3 mg.) of solid o-tolidine 
hydrochloride is placed on a clean white porcelain 
tile. One drop of urine is added and thoroughly 
mixed with the solid by stirring with a glass rod. One 
drop of acid-peroxide solution is added. 

Reactions 

Negative reaction. — A light brown colour slowly 
develops. Occasionally one or two large blue dots 
appear. These must be disregarded. 

Positive reactions. — ( a ) Numerous small green- 
ish-blue dots develop within a few seconds. 
Sometimes the dots are drawn out into greenish- 
blue streaks. The dots or streaks persist for 
periods varying from ten to thirty seconds to 
several minutes according to the amount of blood 
present. They then fade and disappear and a 
light brown colour develops.' Reaction (a) is the 
typical reaction for occult blood (red cells) in 
urine. 

(b) When a large amount of blood is present, 
such as 1,000 red cells per c.mm., a dense, dark 
blue colour appears immediately. The dark blue 
mass is surrounded by yellowish -green areas. The 
colour may persist for half an hour or longer. 

(c) If free haemoglobin is present a diffuse 
greenish -blue to dark blue colour appears which 


persists for a varying length of time and then 
fades. 

False positive reactions. — Bromides and iodides 
in the urine give positive reactions. These will 
obscure the reactions for blood in a urine which 
contains both blood and bromides or iodides. 
Bromides give a diffuse greenish to greenish-blue 
colour which develops slowly and then fades. The 
reactions given by iodides are similar to the blood 
reactions ( b ) and (c) described above. Small 
amounts of iodides give a greenish-blue colour 
which also quickly fades to a light brown colour. 

A true positive reaction due to blood can be 
distinguished from a false positive reaction due to 
bromides or iodides as follows. 

A few ml. of urine are boiled for about one minute 
and then cooled, and the test is repeated. If blood is 
present the second test will be negative or the colour 
will be reduced in intensity according to the amount 
of blood originally present. Urines which contain as 
many as 1,000 red cells per c.mm. show a decreased 
reaction after boiling- Iodides and bromides, even 
when present in small amounts, are unaffected by 
boiling. Therefore if a positive reaction is decreased 
or is negative when the test is repeated after boiling, 
it can only be due to the presence of blood. 

Pus gives a negative reaction unless it is present 
in such large amounts as to cause an obvious 
turbidity. 

It has been reported that an excess of ascorbic 
acid in urine inhibits the ^benzidine blood lest 
(Kohn and Watrous, 1938) and also the o-tolidine 
test performed on the centrifuged deposit (Barach 
and Pennock, 1940). The author has found that 
it also inhibits the o-tolidine hydrochloride test 
described above, and as a result small amounts of 
blood will give a negative reaction in the presence 
of an excess of ascorbic acid. 

Sensitivity of the Test 

In the experiments for determining the sensi- 
tivity of the test it was assumed that the blood 
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used contained 5 million red cells per c.mm. and 
15 g. haemoglobin per 100 ml. This is a sufficiently 
close approximation for the purpose of assessing 
the sensitivity of a qualitative test. 

1. Haematuria. — 0.1 ml. of blood was pipetted 
into about 90 ml. of 0.9 per cent sodium chloride and 
made up to 100 ml. with saline. Serial dilutions were 
then prepared with normal urine and the o-tolidine 
hydrochloride test performed on the urines containing 
various concentrations of red cells. 

It was found that a concentration of 1 red cell 
per c.mm. (=a dilution of 1 in 5 million) gave a 
negative result. A urine containing 2 red cells per 
c.mm. gave a slight but definite positive reaction ; 
a concentration of 5 red cells per c.mm. (=a dilu- 
tion of 1 in one million) gave a comparatively 
strong positive reaction. According to Stone and 
Burke (1934), who applied an o-tolidine test to 
centrifuged deposits of urine, the persistent excre- 
tion of more than 1 red cell per c.mm. of urine is 
of clinical significance and merits further investi- 
gation. They found that-red cells are not ordin- 
arily detected with the microscope until their 
number exceeds 5 per c.mm. of urine. The 
o-tolidine hydrochloride test is therefore more 
sensitive than the microscopical test and its sensi- 
tivity is such that a slight but definite positive 
reaction is of pathological significance. 

2. Haemoglobinuria. — 0.1 ml. of blood was pipetted 
into about 90 ml. of distilled water and made up to 
100 ml. with distilled water. Serial dilutions were 
prepared with normal urine and the various dilutions 
tested. 

The smallest amount of free haemoglobin 
detectable in urine was found to be 150 ^g. per 
100 ml. (the equivalent of a dilution of 1 in 100,000 
or 50 red cells per c.mm.). On spectroscopic 
examination the smallest amount of haemoglobin 
detectable was 2.4 mg. per 100 ml. (equivalent of 


800 red cells per c.mm.). The examination was 
made with a direct-vision spectroscope through a 
layer of urine two inches thick. 

The o-tolidine hydrochloride test is, thus, more 
sensitive than the microscopical test for red cells 
and about sixteen times more sensitive than the 
spectroscopic test for free haemoglobin. It is 
about twenty-five times-more sensitive for red cells 
in suspension than for free haemoglobin in 
solution. 

Summary 

1. A simple chemical test for blood in urine is 
described. Solid o-tolidine hydrochloride is used 
for the test, which is performed with one drop of 
urine and one drop of an acetic acid — hydrogen 
peroxide mixture. 

2. After boilihg, urines containing blood give a 
decreased or negative reaction. Iodides and 
bromides, which also give positive reactions, are 
unaffected by boiling. 

3. Pus gives a negative reaction unless it is 
present in such large amounts as to cause an 
obvious turbidity. 

4. Excess ascorbic acid decreases the sensitivity 
of the test. 

5. The test is more sensitive than the micro- 
scopical test for red cells and about sixteen times 
more sensitive than the spectroscopic test for free 
haemoglobin. The smallest number of red cells 
detectable is 2 per c.mm. and the smallest amount 
of free haemoglobin detectable is 150 pg. per 
100 ml. 

- \ 
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THE MASS STAINING OF PARAFFIN SECTIONS BEFORE 
THE REMOVAL OF WAX 

BY 

C. F. A. CULLING 
From the Westminster School of Medicine 

(RECEIVED FOR PUBLICATION, JANUARY 7, 1949) 


The problem of producing large numbers of sec- 
tions for teaching purposes and staining them by 
haematoxylin and eosin has become acute in the 
post-war years, due to the shortage both of trained 
technicians and of reagents, especially ethyl alcohol. 
Methods previously used. have suffered from the 
disadvantages of being too long, or wasteful of 
reagents, and it was with these factors in mind 
that the following method was evolved. 

Robb-Smith (1937) showed that free paraffin 
sections could be impregnated with silver. 
Mayer also showed that methyl violet would stain 
amyloid in paraffin sections that had not been 
de-waxed. This principle has been adapted for the 
mass staining of paraffin sections before the 
removal of wax. 

Apparatus 

An M.S.E. rotary-type microtome is used in this 
department as it is thought to give better ribbons of 
sections. Half of a' 7-in. Petri dish or a developing- 
dish of similar size has been found sufficient for 60 
sections of average size (2 cm. x 1 cm.). Four wash- 
bottles with rubber and glass attachments may be pre- 
pared from empty wide-mouthed bottles, rubbe'r-and- 
glass tubing, and rubber bungs. A. glass filter pump 
is at present used, positive pressure being obtained by 
blowing. Dissecting needles and staining solutions are 
also needed. 

Method 

Some sixty to seventy sections are cut in the usual 
manner. The use of ice on the surface of the paraffin 
block before and during cutting gives flatter sections. 

The dish is half-filled with water at a temperature 
of approximately 45* C. when using 54° C.M.P. wax 
(sec Appendix). 

Ribbons are cut to a convenient length to give half- 
inch clearance each end when flattened in the dish. 
The method of removal and replacement of solutions 
follows the same. pattern throughout and is as follows. 

The glass tube connected to the wash-bottle (see- 
Appendix, 2) is passed down the side of the dish to 
the bottom, and negative pressure is applied. While 


the surface of the water is falling, the ribbons are kept 
free of the side of the dish by needles ; otherwise 
they become attached. If this should happen, they 
are easily freed by turning off the filter-pump and tilt- 
ing the dish gently towards the attached section. The 
last few millilitres are removed by tilting the dish 
towards the suction tube. This is done slowly, as any 
rapid movement will cause telescoping of sections. 
Pressure is reduced towards the end of this operation. 

Solutions are run in by a reverse procedure, posi- 
tive pressure being applied to the wash-bottle, either 
w 7 ith a pump or by blowing to start the stream, when 
the remainder will siphon over if the bottte is lifted. 
Only enough solution to float the sections is required. 

The following solutions and times have been found 
to give the best results with haematoxylin and eosin: 

1. Tap wuter at 45° C. to flatten sections. Heated 
distilled w’ater may be substituted for this, as it com- 
bines stages 1 and 2, but time is gained by this pro- 
cedure only if hot water is not readily available. 

2. Distilled water — 2 minutes. 

3. Haematoxylin — 40 minutes (sec Appendix, 3). 
- 4. Distilled water — 2 minutes. 

5. Acid alcohol (1 per cent in 95 per cent alcohol) 
— 1 minute (see Appendix, 4). 

6. Ammonia w’ater (0.1 per cent in distilled water) 
— until sections are blue. 

7. Tap w’ater — 2 minutes. 

8. Eosin (1 per cent in distilled water}— 20 
* minutes. 

9. Tap w-ater^Ccold). 

Sections are left as short a time as possible on tap 
w'ater after stage 8, as this removes the eosin. The 
ribbons arc now separated into sections. This is easily 
effected by a gentle stabbing motion with the point of 
the needle at the intersections. 

Individual sections are now floated on to clean 
slides in the usual manner, and are allowed to drain 
by standing upright on filter paper. Blotting firmly 
at this stage is both expeditious and gives a flatter 
section. 

When the sections are dry' they are gently heated, 
placed in xylol to remove wax, and mounted in 
Canada balsam. 
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Conclusions 

The results obtained with this method compare 
favourably with methods previously used in this 
department. As early sections were under-stained 
with eosin, it was necessary to increase the stain- 
ing time and to float section on to slides as soon 
as possible. There seems to be no reason why 
other staining techniques should not be adapted 
for use with this method, especially those in which 
precipitation of stain occurs, or where one of the 
reagents causes the section to float off the slide. 

Summary 

A method is given for which the apparatus used 
is readily available in almost all laboratories. 

A set of fifty sections may be cut and stained 
by one technician in approximately two and a half 
hours, during which time there are quite long 
intervals when other work may be performed. 

The use of alcohol for dehydration is obviated. 
The handling of single slides, a time-consuming 
operation, is cut to a minimum. 
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Appendix 

1. Air bubbles in fluid are to be avoided if possible, 
and should be removed from warm water by running 
fingers round the inside of the dish before floating on 
sections. Bubbles that are formed subsequently do 
not appear to cause uneven staining. 

2. If a glass filter-pump is being used a wash-bottle 
is not needed when removing tap water or 'distilled 
water, as these are obviously used fresh each time. 
If a pump of the Hyvac type is used a wash-bottle is, 
of course, essential. 

3. Harris’s haematoxylin has been used, staining 
with which compares favourably with Ehrlich’s, and it 
has the advantage of being easily and rapidly pre- 
pared. Since it is ripened with mercuric oxide, it is 
immediately ready for use. Glacial acetic acid (5 per 
cent) is added, to give more precise nuclear staining, 
and to neutralize any salts carried over from the tap 
water. 

4. Differentiation may be controlled microscopic- 
ally in the usual manner by floating a single section 
on to a clean slide. The acid alcohol is, of course, 
omitted if the progressive method of staining is 
preferred. 
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AN IMPROVED SWAB FOR THE DETECTION OF THREADWORM OVA 

BY 

J. A. BOYCOTT 


(RECEIVED FOR PUBLICATION, JANUARY 6, 1949) 


The following device has been found to have 
certain advantages over the N.I.H. swabs* in the 
detection of the ova of threadworms (Oxyuris 
vermicularis). 

It consists of: (1) a wooden tongue depressor 6 in. 
by £ in. ; (2) a strip of cellophane approximately 3 in. 
Jby 1 in., the size of a microscope slide, doubled over 
the end of the depressor and held in place by several 
turns of a rubber band ; (3) a paper envelope: a “ pay 
envelope,” 2 in. by 4 in., is suitable. 

Swabbing is most effective if done immediately 
the patient wakes in the - morning. The swab 

•Hall, M.C. (1937j. Amer.J. trop. Med. 17, 445- 


should be rubbed along the peri-anal folds using 
pressure just short of causing pain. It is then 
replaced in the envelope, on which it is convenient 
to write the patient’s name. In the laboratory' the 
cellophane is removed, opened out, and placed on 
a slide ; a drop of Canada balsam between slide 
and cellophane helps to keep. the surface flat. 
Examination should be made under the %-in. 
objective and may be concentrated in the areas 
showing epithelial and faecal debris. 

The single crease in the cellophane, the strength, 
and ease of packing have been found to be im- 
provements on the N.I.H. swab. 
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An Atlas of Bone-Marrow Pathology. By M. C. G. 
Israels, M.Sc., M.D., M.R.C.P. William Heincmann 
Medical Books, Ltd. Pp. 50. 12 plates. Price 30s. net. 


Bone Marrow Biopsy. By S. J. Leitner, M.D. Trans- 
lated by C. J. C. Britton, M.B., Ch.B., D.P.H., and 
E. Neumark, M.B., B.S.(Lond.), M.R.C.S., L.R.C.P. 
J. & A. Churchill, Ltd. Pp. 433. 7 plates. 194 text- 
figures. Price 42s. net. 

Bone marrow biopsy has become one of the accepted 
routine investigations carried out in the wards and often 
in the out-patient departments in most hospitals. It is 
used in the diagnosis and control follow-up of many 
conditions, particularly, of course, in haematological 
disorders. 

There has long been felt the need for an authoritative 
book and atlas, and there was in particular an opportunity 
for a prominent haematologist to give a clear lead on the 
nomenclature and classification of the cells seen in 
smears and sections from bone marrow biopsy. This 
necessity has been intensified by the recent suggestions 
for an agreed international terminology and even more, 
as Israels recently said, for a clear-cut description of the 
cells which we call by the new or old names. There is, 
for example, no international agreement on the term 
4 ‘ megaloblast.” Israels, therefore, in the introduction 
to his book proclaims his intention “to set out an 
authoritative, accurately illustrated account of the bone 
marrow in health and disease, for the guidance of 
physicians and pathologists.” This intention is unfor- 
tunately not fulfilled, as indeed it could never have been, 
in a book of only 50 pages and 12 plates. It does, how- 
ever, provide a non-controversial introduction to the 
subject, and as such will be read and appreciated by 
physicians and by students who will thereby be enabled 
the more easily \o understand the pathologists’ reports. 
The colour drawings are excellent and do give a clear 
and firm description of the cells described. A minor 
source of annoyance could be remedied in future editions 
if the interleaved pages with contour sketches of the 
plates 8-12 were omitted. It is very difficult to keep a 
picture of a microscopic field and pick out cells for 
identification as is intended in these plates, when the 
process involves unnecessary procedures of number 
identification on an intermediate sheet and the key on 
yet another page. The plates 1-7 are so much easier to 
follow that the tracings should be regarded as superfluous. 


For the pathologist who. requires an authoritative 
reference book Israels will be quite inadequate, and so it 
was with even greater expectations that die book by 
Leitner was received. This book has essentially a clinical 
outlook and throughout there arc numerous illustrative 
case histories which are valuable. . The translators were 
faced with two problems: one to provide an. easy 
translation, which they have in the main achieved, 
although the rather stilted style in places is evidence of 
their difficulties; and the other to attract British readers 
with a book which had to be made not too obviously 
Continental in outlook. The senior translator admits 
his previous intention to undertake a similar book on his 
own account, and he has compromised by incorporating 
many British and American references to avoid another 
publication. This volume will almost certainly become a 
standard textbook in Great Britain and it can be assumed 
that the licence that .the translators have been allowed 
will continue and even be extended so that later editions 
will contain a greater proportion of works with which 
we arc more familiar in this country. On the whole the 
photographs and plates are good, but it is most disturbing 
to find such a variety of magnifications used in the photo- 
micrographs. Magnifications of 50, 100, 120, 150, 500, 
600, 650, 750, 1,000,' 1,050, and 1,400 are used, and 
frequently several on one page. In fact, the only magni- 
fications which are really satisfactory are the 1 ,000 and the 
1,400, and many of these are really excellent, whereas 
some of the smaller ones — c.g., on pages 359, 115, and 
159— are merely a collection of black cells without v 
meaning. The photomicrographs should be carefully 
scrutinized before the next issue. 

The other major criticism is the number of references. 
Although this book can well claim to be a reference book, 
it is really quite unreadable in parts because of the 
intrusion, line after line, of meaningless names and dates. 
This can best be appreciated by the fact that throughout 
the chapter on crythropoeisis there are 1,180 references, 
which also occupy 15 pages at the end of the chapter. 

It can be confidently assumed that the book would not 
suffer if this number were to be reduced to a quarter. 

In our last issue we published an admirable review by 
Dacie and White on bone marrow biopsy, with special 
reference to crythropoeisis. This review was widely 
appreciated^ and, with the two books here reviewed, 
should provide a very solid basis for the better under- 
standing of the bone marrow in health and disease. 

A. G. SiGNY. 
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ABSTRACTS 

This section of the Journal is published in collaboration with the two abstracting jour nals t 
Abstracts of World Medicine , am/ Abstracts of World Surgery, Obstetrics and Gynaecology , publ ished 
by the British Medical Association. In this Journal some of the more important articles on subjects 
of interest to clinical pathologists are selected Jor abstract , and these are classified into four sections . 
bacteriology g biochemistry ; haematology ; and morbid anatomy and histology . 


BACTERIOLOGY 

Streptomycin in Treatment of Tuberculosis and Mixed 
Infections of the Genitourinary Organs. Redewill, 
F. H., and Potter, J. E. (1948). Urol, cut an. Rev., 52, 
259. 

The synergic action of streptomycin, penicillin, and 
sulphonamides allows smaller doses of each drug to be 
used without loss of efficiency and with Jess toxic effects. 
Streptomycin-resistant strains of a bacillus can develop 
only when the concentration of this drug is inadequate to 
depress bacterial virulence sufficiently to allow tissue 
healing to occur. Once healing has begun even small 
doses of the antibiotic will prevent resistant strains from 
developing. There is no difference in the virulence of 
streptomycin-sensitive and streptomycin-resistant strains 
^f the same organism. The dose advocated by the 
authors is small— 0.8 to 1 g. daily by two separate 
injections. The treatment of 22 cases of genito-urinary 
tuberculosis is reported; 2 did not improve, 6 improved, 
and 34 were apparently cured. Of these, 5 were cases of 
primary tuberculous cystitis, 7 of tuberculous nephritis in 
the remaining kidney, 8 of tuberculous nephritis with 
complications, and 2 of tuberculous prostatitis. In 120 
cases of acute and chronic non-tuberculous urological 
infection also treated, the highest percentage of cured and 
improved cases yet reported was obtained by: (a) careful 
assay of the case before treatment; (6) rejection of cases 
in which streptomycin-resistant bacteria were likely to 
develop or the pH of the urine was low; and (c) use of a 
combination of streptomycin, penicillin, and “promi- 
zolc.” J. E. Semple. 


Observations on Streptomycin in Tuberculosis. IV. Im- 
portance of the Cerebrospinal Fluid Picture in Tuber- 
culous Meningitis Treated with Streptomycin. (Osscr- 
vazioni sulla streptomicina nclla infezione tubcrcolare. 
IV. Importnnza del quadro liquoralc nolle mcningiti 
t.b.c. trattatc con streptomicina.) Marton, L. (1947). 
Clin, pediat., Bologna, 29,716. 

The author discusses the character and components of 
cerebrospinal fluid in 40 cases of tuberculous meningitis, 
treated with streptomycin. In assessing the prognosis 
the author finds the level of glucose in the cerebrospinal 
fluid to be the most helpful observation. When this is 
below normal, treatment should not be stopped. He 
gives details of the findings in S cases. In some, after 
cure cellular and protein changes persist. The author 
suggests that these changes arc due to structural chances 
m the choroid plexus, the result of the antecedent disease 
P^vcss. /. Maclean Smith. 


Pulmonary Tuberculosis Treated with p- Aminosalicylic 

Add. Earl v Results in 6 Cases. Erdei, A., and Snell, 

W. E. (1948). Lancet, 1,791. 

The authors gave /w^-aminosalicylic acid (P.A.S.) 
by mouth to 5 patients for 60 days and to 1 patient for 
4 weeks. Each patient received 12 g. daily in divided 
doses 3-hourIy, 1 night dose being omitted. All the 
patients were men, and most had acute disease with 
toxaemia. The authors noted considerable improvement 
in the general condition and a lessening of the toxaemia 
(often within 3 days). No toxic reactions were obsen’ed. 
A blood level of 2 to 5 mg. per 103 ml. was attained, 
and the concentration in the urine was high (503 mg. per 
100 ml.). The authors believe that P.A.S. has a direct 
bacteriostatic effect upon the bacilli, an antipyretic action , 
and a “direct pharmacological action on the host.” They 
consider a daily dose of 12 g. is too low and recommend 
increasing it to 20 g. Vitamin-B complex should be given 
as well. /V. Lloyd Rushy. 


Examination for Tubercle Bacilli by Gastric Lavage and 
by Laryngeal Swab: A Comparative Study. Hounslow, 
A. G., and Usher, G. (1948). Tubercle , 29, 25. 

This study is based upon 193 patients at various stages 
of treatment for pulmonary' tuberculosis, all of whom 
were sputum-free or produced scanty mucoid expectora- 
tion negative for tubercle bacilli by smear and culture 
examination. The results suggest that when a single tube 
is inoculated a single gastric lavage is more likely to give 
a positive result than a single laryngeal swab, but three 
swabs give much more precise results than does a single 
gastric lavage; if, however, three tubes arc inoculated a 
single gastric lavage is superior to three swabs. 


Penicillin in the Cerebrospinal Fluid Following Parenteral 
Penicillin. Boger, \V. P. t Baker, R. B., and Wilson, 
W.-W. (194S). Proc. Soc. exp. Biol., N.Y., 6S, 101. 

Twenty-six patients suffering from syphilis of the 
central nervous system (paresis) were treated with 
100,000 units of penicillin intramuscularly every 3, hours 
for 3 days, followed by the same dose of penicillin 
together with 3 g. of caronamide (4'-cnrboxypheny!- 
methane sulphonanilide) orally every' 3 hours for" a 
further 5 days. Caronamide was givers since it inhibits 
excretion of penicillin by the renal tubules, yielding 
higher concentrations of penicillin in the plasma! After 
the 5 days of the penicillin therapy alone, in 15 patients 
the levels in the cerebrospinal fluid ranged from 0.019 to 
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0.052 unit per ml. At the end of the further period of 
5 days (during which caronamide was given as well), in 
20 patients concentrations of penicillin in the cerebro- 
spinal fluid ranged from 0.026 to 2.5 units per ml. # The 
levels obtained were considered to be therapeutically 
significant since a concentration of 0.03 unit per ml. is 
usually sufficient to inhibit the growth of organisms such 
as streptococci, meningococci, and staphylococci. A 
lengthy discussion is given on the penetration of penicillin 
through the blood-brain barrier. R. Wien . 


Oral Penicillin in the Treatment of Various Bacterial 
Infections. Robinson, J. A., Hirsh, H. L., and 
Dowling, H. F. (1948), Amer . J. Med., 4, 716. 

Penicillin tablets (sodium salt) buffered with calcium 
carbonate were administered orally in the treatment of 
various bacterial infections (strength of each tablet not 
given). In all infections, except subacute bacterial 
endocarditis, in which oral penicillin is not recommended 
because of the seriousness of the disease, the results 
were comparable with those obtained with parenteral 
penicillin. The total oral dose of penicillin was 5 times 
higher than the total intramuscular dose for the same 
infection. Toxic effects were less often observed with 
oral therapy. 


Sycosis Barbae. Serological Types of Staphylococcus 
pyogenes in Nose and Skin and Results of Penicillin 
Treatment. Hobbs, B. C., Carruthers, H. L., and 
Gough, J. (1947). Lancet , 2, 572. 

Staph, pyogenes was isolated from the facial lesions of 
each of 23 patients. Of 19 in whom the strains were 
typed, 17 had the same type of staphylococcus in the 
nose as in the skin; 16 of these showed one type only 
and 1 had two. Corresponding organisms were isolated 
from the throat in 2 cases and from the eyes of 2 patients 
with blepharitis. Nine different types were isolated from 
the lesions: IIIc four times; I, lb, and c.K. 5 three times; 
1636 twice; and la, Ilia, Illb, and III/5 once each. 

Treatment consisted of applying cream containing 
500 units of penicillin per g. in 25 or 30 % neutral “Lanette 
wax SX” in water to the face night and morning, and 
inserting this cream into the nose with a throat swab 
and inhaling vigorously. Clinical improvement was 
usually immediate, and cases in which there was relapse 
usually responded to a second course of treatment. 
Relapses are due either to inactivation of the penicillin 
cream or to reinfection with the same or different 
strains. H. R. Vickers. 


Histopathological Findings in General Paresis After 
Penicillin Treatment: Report on 4 Cases. Smith, 
R. H. F., and de Morlais, V. (1948). J. went . Sci., 
94, 70. 

No previous reports on the ncuropathological findings 
in paresis after penicillin therapy have appeared. The 
dosage in the 4 cases reported here ranged from 2,400,000 
to 4,800,000 units. In 2 of the cases there was clinical 
as well as serological improvement; the 2 cases which 
did not improve were of the juvenile type of general 
paresis, 1 of them a Lissauer type. Histological examina- 
tion of the brain of the 2 patients who benefited revealed 


less intense inflammatory changes than in untreated cases. 
The iron reaction was positive in all 4 patients, but was 
less pronounced in the 2 who improved. No spiro- 
chactes were found in any of the brains. These findings 
resembled those obtained at comparable times after 
malaria treatment. The possibility that penicillin may 
produce an initial exacerbation of the process is suggested 
by the 2 unimproved cases. From the results it would 
appear that penicillin alone can influence the pathological 
progress of general paresis. E. W. Anderson. 


Fatal Toxic Encephalopathy Apparently Caused by 

Streptomycin. Hunnicutt, T., Graf, \V. J., Ham- 
* burger, M., Ferris, E. B., and Scheinkxr, I. K. (1948). 

J . Amer . wed. Ass. t 137, 599. 

Streptomycin was given to a diabetic woman, aged 25, 
for staphylococcal infection producing active pyelo- 
nephritis and multiple skin abscesses. Symptoms of 
encephalopathy appeared on the fifth day of the treat- 
ment after a total dose of 15.6 g. of streptomycin had 
been given. There was disorientation with coarse 
involuntary muscular movements leading to generalized 
convulsions and accompanied by hyperpyrexia, tachy- 
cardia, and hypertension. Three days later the patient 
died in coma, with Cheync-Stokes breathing. Uraemia, 
diabetic ketosis, and insulin shock were excluded by 
laboratory findings. Cerebrospinal fluid examined 
24 hours after the drug was discontinued contained the 
drug in half the concentration present in the blood at 
that time. 

Post-mortem changes in the pancreas and the kidneys 
were consistent with tile diagnosis of diabetes mellitus 
and staphylococcal infection. Significant changes, 
similar to those seen in brain injury and other toxic and 
arsphenamine encephalopathies, . were observed in the 
brain and were confined to cortical white matter, basal 
ganglia, hypothalamus, arid medulla, Because of central 
vasoparalysis there was stasis in small veins and capil- 
laries with distension and some necrosis of the vessel wall. 
These vascular changes in turn led to ischaemic degenera- 
tion, rarefaction, and necrosis of the nervous tissue proper. 
No changes were seen in the cranial nerves. The lepto- 
meninges were congested. In the absence of affection 
of the cranial nerves, especially the eighth, the bram 
changes are believed to be due to direct action of strepto- 
mycin, and not to impurities, caused by high serum con- 
centration. The high serum level was probably due to 
defective renal function, which in the authors’ opinion 
should be adequate if streptomycin is to be given. 

5*. Karanl 


Studies on 3,4-DimethyI-5-SulfaniIamfdo-IsoxazoIc (Nu* 
445) in Humans. Sarnoff, S. J. (1948). Proc . Soc. 
exp . Biol, N.Y., 68, 23. 

In 6 patients, each given a single dose of 3 or 4 g- 
orally, a blood level of 12 to 16 mg. (total) per 100 ml. 
was maintained from 2 to 8 hours. In 2 patients, after 
the oral administration of 4 g., there was only a low level 
of about 1 mg. per 100 ml. in the cerebrospinal fluid, but 
in I patient with meningococcal meningitis a concentra- 
tion of 5 mg. per 100 ml. (total) was obtained. In a scries 
of 37 patients the usual mild toxic sulphonamide reactions 
were observed, but there was no crystalluria. 

R, Wien. 
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Restoration of Diphtheria Immunity without Injections 

(Bousfield’s Method). Masucci, P., Gold, H., and 

DeFalco, R. J. (1948). J. Pediat ., 32, 35. 

This investigation in a series of 37 subjects confirms 
Bousfi eld’s findings that diphtheria toxoid can pass across 
the mucous membranes of the upper alimentary tract. 
The amount absorbed was only sufficient to act as a 
“booster” dose, and primary immunization by this * 
method does not appear feasible. The toxoid, 100 Lf 
units, was incorporated in a compressed tablet and three 
tablets were given daily for 7 days. The tablets were kept 
under the tongue and sucked slowly. No inconveniences 
or reactions were observed, 'pie large total dosage 
required may restrict the practical application of this 
method to adults, in whom severe constitutional disturb- 
ances after a parenteral injection of diphtheria toxoid are 
not uncommon. H. Her linger . 


Combined Active and Passive Immunization Against 
Diphtheria. Downie, A. W. t Glenny, A. T., Parish, 
H. J., Spooner, E. T. C., Vollum, R. L., apd Wilson, 
G. S. (1948). J. Hyg., Camb., 46, 34. 

. In 1941 Downie el aL {Bril. wed. J., 1941, 2, 717) 
concluded that a combined technique as compared with 
simple active immunization led to some delay, and a 
slight inhibition, in the formation of antitoxin by the 
individual. The final degree of immunity did not, how- 
ever, fall far short of that resulting from active immuniza- 
tion alone (a Schick-conversion rate of 90.9 % as against 
98%). 

The authors now suggest that In practice the inhibitory 
effect of the 500 units of antitoxin might be reduced by 
further increasing both doses of APT to 0.5 ml. and at 
the same time lengthening the interval betvveen the 
injections to 6 weeks. H. J. Be ns led. 


An Outbreak of Infantile Gastro-enteritis in Aberdeen. 
The Association of a Special Type of Bad . coli with 
the Infection. Giles, C., and Sangster, G. (1948). 
J. Hyg., Camb., 46,1. 

The authors accept the classification of infantile 
diarrhoea into (1) non-infective, (2) secondary or symp- 
tomatic, (3) primary or infective ( a ) with non-causative 
agent and {b) of unknown aetiology; and they investi- 
gated 159 cases of infantile diarrhoea admitted to Aber- 
deen City Hospital in the first 5 months of 1947. They 
grouped 93 cases as belonging to the primary' infective 
group but could isolate a known pathogen Shigella 
dvscntcriac (Sonne) from only one: the remaining 92 
(among which there were 52 deaths, a fatality of 56.5 %) 
were associated with a serologically homogeneous strain 
of Bad. coli , the biochemical and antigenic properties of 
which arc described. The organism was recovered from 
over 90% of cases of primary gastro-entcritis, 34% of 
doubtful cases and secondary diarrhoea, and less than 
5% of healthy controls; efforts to demonstrate the 
pathogenicity of the organism or the presence of a 
concomitant virus were unsuccessful. 


The Treatment of Pertussis and Pneumonia Complicating 
Pertussis. The Role of Hyperimmune Gamma Globulin 
and Sulfadiazine. Bratnerd, H. (194S). J. Pediat 
* 32, 30. 

The author treated 26 infants suffering from pertussis 
with hyperimmune gamma globulin (agglutinating litre 


of at least 1 in 15,000), injecting 2.5 ml. intramuscularly 
on each of 4 successive days. In addition sulphadiazine 
in doses of 130 mg. per kilo a day was given to another 
26 infants in whom pertussis was complicated by pneu- 
monia. The mortality in this latter group was only 
7.7%. The response to treatment was often dramatic. 
The best results w r ere obtained if treatment began in 
the first 7 days of illness. H. Herlinger . 


The Relationship Between the Antipoliomyclitic Properties 
of Human Nasopharyngeal Secretions and Blood 
Serums. Bell, E. J. (1948). Amer. J. Hyg., 47, 351. 

The secretions of 32 to 68 “normal” adults neutralized 
the Lansing strain of poliomyelitis virus. The serum of 
51 of 68 persons also neutralized and that of 17 persons 
failed in this test. Of 32 persons with secretions that 
neutralized the virus all but 2 show’ed serum antibody 
also. Of the 51 w'hose serum neutralized, few’er than 
two-thirds had positive secretions. It appeared that 
above a certain level antibody “spilled over” from the 
serum. 


Massive Colony Formation of Bacterium friedlanderi in 
the Liver in Agranulocytosis. Davidson, J. I. (I94S). 
J. Path. Bad., 60, 51. 

A common cause of death in agranulocytosis is bacterial 
invasion of the tissues. When the progress of the disease 
is slow the ante-mortem multiplication of the invading 
bacteria may be remarkable. A case is described in 
which scattered throughout the surface and deep in the 
substance of the liver were spherical firm white areas 
about 5 mm. in diameter consisting of capsulated Gram- 
negative bacilli or bacteria suspended in a mucoid sub- 1 
stance. Fresh material was not'available for culture, but 
the organism had the morphological characters of Bad . 
friedlanderi. The lung was extensively consolidated, and 
over large areas the alveoli were packed with capsulated 
Gram-negative bacilli. 


Vaccination Against Influenza A. Mellanby, H., 
Andrewes, C. H., Dudgeon, J. A., and MacKay, 
D. G. (1948). Lancet, I,97S. 

The vaccine used was a formolized influenza- A vaccine 
made from infected allantoic fluid and inactivated with 
I in 2,000 formalin. It was tested by measuring the 
antibody response to an intramuscular injection; 83% 
of adults showed more than a 4-fold rise in antibodies. 
The average rise was over 6-fold. The authors conclude 
that the vaccine did not produce any striking reduction 
in the incidence of influenza. 


Comparative Efficiency of Rectal Swabs and Fecal Speci- 
mens in Detecting Typhoid and Salmonella Cases and 
Carriers. Shxughnessy, H. J., Friewer, F., and 
Snyder, A. (194S). Amcr. J. publ Hhh , 38, 670. 

The results showed that when specimens containing 
many bacteria were examined neither of the methods 
was markedly superior to the other, but when the 
specimens contained apparently few organisms examina- 
tion of the stool was more reliable than that of the swab. 
The post-cathartic specimens gave a greater percentage 
of positive results than the pre-cathirtie. No single 
medium could rick up all intestinal pathocens. 
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BIOCHEMISTRY 

Plasma Proteins in Pregnancy. MacArthur, J. L. 

(1948). Amer . J . Obstet . Gjv/ec., 55, 382. 

The structure and function of the plasma proteins are 
outlined and the causes of hypoproteinaemia are 
enumerated. Hypoproteinaemia may be prevented by 
an adequate intake of biologically valuable protein. 
Until recently, protein was thought to be toxic to pregnant 
women and its intake was restricted. It is novv, 
however, generally accepted that a high protein intake is 
desirable during pregnancy and will prevent the onset of 
toxaemia. 

A simplified copper sulphate method of estimating 
plasma proteins was used in an examination of 600 
normal pregnant women and a number with toxaemia. 
Comparison with haematocrit readings has shown that 
the fall in plasma protein level which takes place in 
normal pregnancy is due to haemodilution. Administra- 
tion of hydrolysed protein has no effect on the plasma 
proteins in normal pregnancy. In cases of toxaemia of 
pregnancy, a marked difference is found between plasma 
protein level and the haematocrit reading. This 
amounted to 30% in cases of pre-eclampsia and was 
even higher in cases of eclampsia. Plasma protein 
levels rise rapidly after delivery in both normal and 
toxaemic patients. Protein hydrolysate given by mouth 
to toxaemic patients caused no rise in plasma protein 
level, and no improvement was noted as regards oedema 
or albuminuria. A similar observation was made when 
the hydrolysate Was given intravenously, but reactions 
were common and the need to curtail fluid intake limited 
the amount of protein that could be given. Methionine 
was given to one patient with severe pre-eclampsia; 
the result was a rapid improvement in the condition and 
a rise in the plasma protein level. The author suggests 
that the hypoproteinaemia of toxaemia is due to liver 
damage. Methionine has a beneficial effect on the 
damaged liver in experimental animals, and it is sug- 
gested that it may prove of value in cases of toxaemia. 

Josephine Barnes . 


Reducing Substances in the Urine in Pregnancy and the 

Early puerperium. Archer, H. E., and Haram, B. J. 

(1948). Lancet, 1, 558. 

The reducing substance frequently present in the 
urine of pregnant women is often assumed to be lactose. 
This paper gives the results of tests for reducing sub- 
stances on specimens of urine obtained throughout 
pregnancy and in the puerperium. Specific tests were 
made for the presence of lactose. Benedict’s quantitative 
reagent was used, and if reduction occurred the ferric 
chloride test was made to exclude salicyluric acid. All 
specimens in which reduction occurred were then 
tested by a modified form of the rhethylamine reaction 
for lactose (Fearon, Analyst , 1942, 67, 30). Harwood 
stated that 0. 1 % lactose can be detected in the presence of 
0.25 % glucose, higher concentrations of glucose having 
a masking effect. The authors found that when the con- 
centration of glucose was half that of lactose the methyl- 
amine reaction was less definite. When the amounts of 
lactose and glucose were equal negative results were 
obtained. The phenylhydrazinc osazone test was carried 
out on all specimens with well marked reduction. 

Of 123 antenatal patients, 118 (96%) had a reducing 
substance; of 777 specimens tested 501 (64%) contained 
reducing substance. Of 503 controls 54 (11%) had a 
reducing substance in the urine. Of 97 postnatal 


patients tested, 89 (92%) had a reducing substance in the 
urine, and of the 258 samples tested 210 (81 %) contained 
the substance. The exact timing of the specimen in 
relation to meals was not possible. All specimens were 
passed in the morning. The amount of reducing sub- 
stance in the antenatal group varied from a trace to 
0.15%. Fourteen samples (1.8%) contained salicyluric 
acid. The rest all gave a negative result for lactose. 
Known diabetics were excluded from the control group. 
In the postnatal group 1.9% of the total number of 
specimens examined showed reduction due to salicyluric 
acid only. In 57 % there was Iactosuria, in many cases 
confirmed by osazone formation. Concentrations of 
ascorbic acid up to 100 mg. per 100 ml. urine did not 
reduce Benedict’s reagent. Concentrations of 200 mg. 
per ml. reduced it slightly. Lilian Raftery . 


The Neutral Steroids of Human Urine: The Significance 

of the Various Steroid Fractions Excreted in Urine. 

Tompsett, S. L., and Oastler,‘E. G. (1948). Glass . 

mcd. 29; 133. 

The total daily urinary excretion of the following 
steroids was estimated in a variety of cases: (1) 17- 
ketosteroids; (2) free reducing ketosteroids (cortico- 
steroids); (3) pregnanediol; (4) total ketones of the 
neutral steroids; (5) non-ketones (alcohols) of the 
neutral steroids; (6) half-succinate esters of the non-, 
ketonic fraction of the neutral steroids. 

The cases investigated included 9 normal males, 7 males 
with various medical abnormalities, 3 normal females, 
42 females with various medical abnormalities, and 6 
surgical cases. The daily output of total neutral steroids 
in normal males ranged from 20.4 mg. to 41.2 mg. No 
significant variation was found in the male medical cases, 
with the exception of one case of malignant hypertension, 
in which the total neutral steroids rose from 16.3 mg. 
to 30.4 mg. during a severe attack. This rise was mainly 
confined to the non-ketonic fraction, which rose from 
9.3 mg. to 21.3 mg. The daily output of total neutral 
steroids in the 3 normal females ranged from 15.6 mg. 
to 33.2 mg. Three cases of Simmonds T s disease showed a 
very low excretion of total neutral steroids (3.8, 3.9, and. 
5.1 mg.). The 17-ketosteroids were very low. In one 
case of Cushing’s syndrome there was a high total neutral 
steroid excretion (80 mg.), all fractions being increased. 
A case of adrenogenital syndrome had a total excretion of 
110 mg., but the increase was confined mainly to the 
17-kctosteroids. In all the surgical- cases there was a rise 
in total neutral steroid excretion immediately after 
operation. The non-ketone fraction was mainly respon- 
sible for this. The authors also studied *5 women in the 
ninth month of pregnancy. The ratio of total ketones to 
17-ketosteroids was much higher than in most other 
groups, except the surgical ones. The excretion of 
17-ketosteroid was within normal limits; but the total 
neutral steroids were raised (range 53.6 to 193.2 mg.). 
It is suggested that the rise in total ketones is mainly due 
to 20-ketostcroids (pregnanolones) and that the cata- 
bolism of progesterone is through these. 

7?. Barer. 


Excretion of Potassium in the Immediate Post-operative 
Period. Ion, V., Berry, R. E. L., and Campbell, K. N. 
(1948). Vniv. Hosp . Bull., Ann. Arbor, 14, 57. 

The renal excretion of potassium and nitrogen was 
studied in normal young men, in patients subjected to 
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herniorrhaphy, and in those subjected to abdomino- 
perineal resection of the rectum; all were receiving 
parenteral isotonic fluids, saline, glucose, or glucose- 
saline solution. 

-Potassium excretion was considerably increased in the 
immediate postoperative period, the increase being in 
proportion to the amount of trauma, but it was much 
more than could be expected frorrr the breakdown of 
protoplasm. The most important factor was the 
necessary readjustment between intracellular and extra- 
cellular body fluids to the administration of intravenous 
liquids. Such adjustment is apparently _ accomplished 
at the expense of intracellular fluid, with its high potas- 
sium content. Contributory factors may be:^ (1) anaes- 
thesia, (2) the sodium chloride concentration of the 
transfused fluid, (3) haemorrhage at operation, (4) de- 
hydration, and (5) glycogen oly sis. 

The total potassium lost in these cases, although 
significant, is only a small fraction of the total cellular 
potassium. Signs of potassium deficiency were absent 
and there seemed no indication to reinforce parenteral 
solutions with potassium in short-term therapy. 

T. J . Evans. 


The Value of Combined Blood Phosphatase and Sedimen- 
tation Rate Determinations in the Diagnosis of Metasta- 
sis in Prostatic Carcinoma. Boylan, R. N., and 
Tilusch, J. H. (1948). /. Urol , 59, 931. 

This is a study of 100 cases of carcinoma of the prostate 
. gland with skeletal metastasis, in which the sedimentation 
rate (Westergren) and acid- and alkaline-phosphatase 
levels (King-Armstrong) had been determined. The 
authors also studied 65 cases of carcinoma of the prostate 
without metastases, diagnosed on clinical grounds. It 
was found that in the series with metastases the acid- 
phosphatase level was normal in 44% of cases, the sedi- 
mentation rate was normal in 23%, and the alkaline- 
phosphatase level was normaTin 14%, but all 3 were 
normal in only 2% of cases. Of the 65 cases without 
metastases, the sedimentation rate was raised in 47.7%. 

A. W. Badcnoch : 


HAEMATOLOGY 

Urethane Treatment in Leukaemia. (Urcthanbehandling 
ved Icucose.) Hansen, P. B. (1948). Nord. Med., 38, 
930. 

Urethane ^ was administered to 27 patients with 
leukaemia, in 21 of whom the leukaemia was of the 
chronic lymphatic type. In nearly every case the drug 
had to be withdrawn owing to its general toxic effects. 
The immediate results were good, and two-thirds of the 
patients improved. However, the authors consider that 
.x-ray therapy is the treatment of choice; the toxic effects 
arc less and the remissions longer. 


Use of Folic Acid Derivatives in the Treatment or Human 
leukemia. Meyer, L. M. (194S). Trans . Acad . 

Set., 10, 99. 

In 7 patients with chronic lymphocytic leukaemia and 
two with multiple myelomatosis the administration of 
tcropicrin (ptcroyllri glutamic acid) produced a sense of 
well-being, but there was no objective improvement. In 
3 of 5 p.uicnts with acute leukaemia short-lived remissions 
resulted from the administration of anti-folic-acid 
compounds. 


The Nature of Anaemia in Leukaemia. Collins, D. H., 
and Rose, W. McI. (1948). /. Path. Bad., 60, 63. 

The authors review 50 cases of leukaemia, with refer- 
ence to severity and origin of the concomitant anaemias. 
Five patients are described in detail. Although blood 
loss and haemolysis may contribute to the anaemia, the 
authors believe that hypoplasia of the erythropoietic 
tissue in lymphatic leukaemia and defective formation in 
myelogenous leukaemia are the main causal^factors. 

Aleukemic Myelosis: Chronic Nonleukemic Myelosis, 
Agnogenic Myeloid Metaplasia, Osteosclerosis, Leuko- 
erythroblastic Anemia, and Synonymous Designations. 
Heller, E. L., Lewisohn, M. G., and Palin, W. E. 
(1947). Amer. J. Path., 23, 327. 

Three cases are reported. A study of this material 
and a review' of the literature leads the authors to suggest 
that “aleukaemic myelosis” is in reality a variant of 
leukaemia, a view that is not generally held. 


Enzymic Action of Viruses and Bacterial Products on 
Human Red Cells. Chu, C. M. (1948). Nature , Lond., 
161, 606. 

The Detection of a Product of the Blood Group O .Gene 
and the Relationship of the So-called O-substance to 
the Agglutinogens A and B. Morgan, W, T. J., and 
Watkins, W. M. (1948). Brit. J. exp. Path., 29, 159. 


Culture of Human Lenka emic Blood Cells in vitro ; 
Technique and the Growth Curve. Gunz, F. W. (194S). 
Brit. J. Cancer , 2, 29. 


Culture of Human Lcukaeraic Blood Cells in vitro . Normal 
and Abnormal Cell Division and Maturation. GtJNZ, 
F. W. (1948). Brit. J. Cancer , 2, 41. 

The Skeletal Lesions in Leukemia. Clinical and Rocnt- 
genographic Observations in 103 Infants and Children, 
with a Review of the Literature. Silverman, F. N. 
(1948). Amer. J. Roentgenol., 59, 819. 


Megaloblastic Anaemia or Pregnancy. Report of an 

Unusual Case. Gillespie, M., and Ramsay, A. M. 

(1948). Brit. med. 1, 828. 

The authors describe a case w’hich they consider is an 
example of megaloblastic anaemia of. pregnancy. A few 
days after delivery' profound anaemia was associated with 
Icucopcnia and a high proportion of immature granu- 
locytes, w'hich suggested the diagnosis of acute leukaemia. 
Stcmal marrow puncture, however, revealed a myeloid: 
c ryth roblas t ratio of 1.5: 1 and the presence of megalo 
blasts. Intensive treatment with liver extract and pro- 
tcolysed Ii%*er was without effect and the patient died. 
At necropsy there was intensive hyperplasia of the mar- 
row, the predominant cell being of “the primitive haemo- 
cytoblast variety” with many megalob lasts. The authors 
refer briefly to a somewhat similar case un associated 
with pregnancy in w hich they belies c that the precipitating 
factor was excessive dosage of a sulphonamide. 70 g. of 
which were given over a period of 5 weeks for acute 
tonsillitis. In neither case was folic acid administered. 

Janet Vaughan. 
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Pernicious Anaemia of Pregnancy and the Puerperium. 

Davidson, L. S. P., Girdwood, R. H., and Clark, 

J. R. (1948). Brit . med . 1 , 819. 

The authors describe the successful treatment with 
folic acid of 3 patients with pernicious anaemia of 
pregnancy and one with Addisonian anaemia in relapse 
whilst pregnant. Three of these patients had previously 
failed to respond to potent liver extracts. 


Anaemia Associated with Trauma and Sepsis. Vaughan, 

J. (1948). Brit . med. J., 1, 35. 

In this lecture the author considers the anaemias 
associated with sepsis, trauma (other than the direct 
effects of blood loss), and experimental sterile abscesses. 
Probably an interference with the synthesis of haemo- 
globin is the most important common factor. Amongst 
the evidence of disturbed metabolism is the low level of 
plasma iron and an increased excretion of nitrogen, but 
the exact way in which the metabolism of haemoglobin 
is affected is uncertain. 


Studies on Free Erythrocyte Protoporphyrin, Plasma Iron 
and Plasma Copper in Normal and Anemic Subjects. 
Cartwright, G. E., Huguley, C. M., Ashenbrucker, 
Hr, Fay, J., and Wintrobe, M, M. (1948). Blood , 3, 
501. 

The authors studied 112 patients with various types of 
anaemia. In iron deficiency, infection, nephritis, and 
lead poisoning, where haemoglobin synthesis is disturbed, 
the level of free erythrocyte protoporphyrin was raised ; 
in pernicious anaemia it was normal. The plasma iron 
was decreased in haemorrhage, rapid haemoglobin 
synthesis (as in pernicious anaemia during liver treat- 
ment), and in infection. It was increased in Cooley’s 
anaemia, untreated pernicious anaemia, aplastic anaemia, 
and in the haemolytic anaemias. The plasma copper 
levels were generally constant. 


Pernicious Anemia Caused by Diphyllobothriinn latum, 
in the Light of Recent Investigations. Von Bonsdorff, 
B. (1948). Blood, 3, 91. 

The. author believes that the position of the worm in 
the small intestine is the most important factor in 
determining whether an infested subject develops a 
megalocytic anaemia. It is only when the worm is in the 
upper part of the small intestine that there is a risk of 
anaemia, due it is thought to its interfering with the 
interaction of the intrinsic and extrinsic factors. 


Some Observations on Anaemia in Patients with Burns. 
Braithwaite, F., and Moore, F. T. (1948). Brit. J , 
plost . Surg ., 1, 81. 


A New Hereditary Blood Disorder. Hereditary Methaemo- 
globinaemic Cyanosis. (Une nouvelle maladie 
herSditairc du sang; la cyanose methemoglobine- 
mique hcreditaire.) Codounis, A., Loucatos, G., and 
Loutsides, E. (1948). Sang, 19, 65. 

The authors describe the incidence of methaemo- 
globinacmia in 14 out of 103 relatives in 4 generations. 


Osmomctric Behaviour of Normal and Abnormal Human 

Erythrocytes. Guest, G. M. (1948). Blood, 3, 541. 

This paper should be read by all interested in the 
osmotic fragility test. The author demonstrates that in 
the normal, in congenital haemolytic jaundice, and in 
some patients with hypochromic anaemia the erythro- 
cytes behave as almost perfect osmometers. In sickle- 
cell anaemia, in Cooley’s anaemia, and in pernicious 
anaemia the cells were imperfect osmometers; this 
behaviour contributes to their increased resistance. 


Iso-agglutinins in Cord Blood. Jakobowicz, R., and 

Bryce, L. M. (1948). Med . J. Amt ., 1, 669. 

The authors examined the cord blood of 355 babies 
for anti-A and anti-B agglutinins. Generally the agglu- 
tinins in the foetus are very weak or absent. A case is 
cited in which the maternal antibody titre was 1:2,000, 
but no agglutinins were demonstrated in the cord scrum. 
Possibly, however, antibodies of “immune” origin which 
the mother rarely develops are smaller in size and may 
cross the placenta more easily than the naturally 
occurring anti-A or anti-B. 


Exogenous ‘ Hemochromatosis Resulting from Blood 
Transfusions. Schwartz, S. O., and Blumenthal, 
S. A. (1948). Blood, 3, 617. 

The authors describe 5 patients of their own and review 
the clinical features and autopsy findings of a further S 
patients, all of whom had received large volumes of blood 
during life for various blood disorders. Marked haemo- 
siderosis simulating haemochromatosis was observed. 
Cirrhosis of the liver occurs, and 3 of the authors’ own 
patients had fibrosis of the pancreas ; 2 patients developed 
diabetes. 


The Significance of the Paucity of Sickle Cells in Newborn 
Negro Infants. Watson, J. (194S). Amer . J. med . ScL, 
215, 419. 

Only a small percentage of the erythrocytes of an 
affected infant will take on the sickle form, but by 4 
months the proportion increases to 90%. The author 
suggests that the presence of foetal haemoglobin prevents 
the change to a sickle form. 


The Life Span of the Sickle Cell and the Pathogenesis of 
Sickle Cell Anemia. Singer, K., Robin, S., Kino, 
J. C., and Jefferson, R. N. (1948). J. Lab. din. Med., 
33, 975. 

Erythrocytes with the sickle-cell trait survived normally 
in patients with sickle-cell disease, as judged by the 
Ashby technique. Erythrocytes from patients wiui 
sickle-cell anaemia were shown to have a shortened life 
, span in subjects with the sickle-cell trait. 

Studies in Hodgkin’s Syndrome. VII. Nitrogen Mustard 
Therapy. Zanes, R. P., Doan, C. A., and HosteR, 
H. A. (1948). /. Lab. din. Med., 33, 1002. 

Thirty-one patients were treated with nitrogen mustard 
and remissions were obtained in 21. All developed toxic 
reactions — initial anorexia, nausea and vomiting, ana 
later leucopenia. Thrombocytopenia and skin eruptions 
were observed in about half of the patients. 
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Spontaneous JVIyohemoglobmuria in Man. Description of 
a Case with Recurrent Attacks. Kreutzer, F. L., 
Strait, L., and Kerr, W. J. (1948). Arch, intern . 
Med., 81, 249. 

The literature concerning myohaemoglobinuria in man 
is reviewed. A new case of spontaneous myohaemo- 
globinuria, with muscular weakness and wasting similar 
to that in progressive muscular dystrophy, is described, 
the diagnosis being confirmed by spectrophotometnc 
studies. Other studies of the blood -and urine are 
reported. — [Authors’ summary.] 

Hemophilia: Current Theories and ^ Successful Medical 
Management in Traumatic and Surgical Crises. Wright, 
C.-S., Doan, C. A., Dodd, V. A., and Thomas, J. D. 
(1948). J. Lab . din . Med., 33, 708. 

The management of 43 patients observed over a period 
of 17 years is discussed. Blood transfusions, transfusions 
with freshly thawed frozen plasma, and the concentrated 
anti-haemophilic plasma fraction (fraction I of Cohn) 
have all been employed to reduce the coagulation time 
temporarily. 


Treatment of Multiple Myeloma with “StAbamidine.” 
' Clinical Results and Morphologic Changes. Snapper, 

I. (1948). /. Amer. wed: Ass., 137, 513. 

In this paper Snapper records the results of stilbamidine 
treatment in 35 patients, twelve of whom had been 
treated for more than a year. In 80% of the patients the 
pain was relieved, but most of them relapsed within 
12 months. The disease is no more than arrested tem- 
porarily, and the biochemical abnormalities are not 
affected. Four of the 12 patients treated for one year or 
more died; five were still ambulant. 


A Coagulation Defect Produced by Nitrogen Mustard. 

Smith, T. R., Jacobson, O. C.. Spurr, C. L., Allen, 

J. G., and Block, M. H. (1948). Science , 107, 474. 

The authors claim that the prolongation of the coagula- 
tion time produced by nitrogen mustard therapy is due 
to an excess of heparin, and may be reversed by the 
administration of toluidine blue or protamine. 


The Heat-stabilized Sedimentation Rate. A Few Clinical 

Observations. (In English.) VannfXlt, K. (1948). 

Acta rned. scand., 129, 593. 

Normally, citratcd blood sediments considerably more 
slowly after 6 hours at 37 3 C. compared with a control 
sample kept in a refrigerator for the same length of time. 
This retardation is thought to be due to the formation 
at 37 c C. of lysolecithin. In untreated pernicious anaemia 
the stabilization effect is much less marked than in 
treated cases. The results obtained in 1 32 patients, mostly 
with blood diseases, arc recorded. 


Hemolysis with Human Complement, Human Cells, and 

Tannic Acid : Application to Complement Fixation Test. 

Thomas, L-, and Peck, J. L. (I94S). Proc . Sac. exp. 

Biol , A. r., 67,475. 

Tannic acid causes lysis of human erythrocytes in the 
presence of human complement. It is possible to use 
*annic acid in place of rabbit scrum amboceptor as the 
indicator system in complement-fixation reactions. 

N 


An Experimental Study of the Comparative Efficacy of 
Heparin and Dicumarol in the Prevention of Arterial 
and Venous Thrombosis. Kiesewetter, W. B., and 
Shumacker, H.B. (1948). Surg. Gynec. Obstet ., 86, 687. 

Experiments are described concerning the effectiveness 
of heparin or dicoumarol in controlling thrombosis 
within artificially traumatized arteries and veins of dogs. 
Thrombosis occurs within 48 hours of injury’, but anti- 
coagulant therapy should be employed for longer than 
this, up to 2 to 3 weeks after repairs to arteries. Heparin 
and dicoumarol are both valuable; both should be used 
initially, and in the treatment of venous thrombosis 
heparin need no longer be administered when a satis- 
factory reduction in prothrombin concentration has been 
produced by the dicoumarol. 

MORBID ANATOMY AND HISTOLOGY 
Spread of Carcinoma to the Spleen. Its Relation to 
Generalized Carcinomatous Spread. Harman, J. \V. t 
and Dacorso, P. (1948). Arch. Path., 45, 179. 

Of 116 cases of carcinoma studied at necropsy’, 30 
were selected in which there was a strong tendency’ 
towards generalized invasion of the body’, metastases 
having been found in organs in different body cavities. 
Cases in w’hich tumour spread appeared to have been 
arrested by regional barriers or to have been halted in the 
pulmonary capillary bed w f ere, however, excluded. At 
9 necropsies metastases were visible in the spleen, and to 
these a further 6 cases were added in which microscopical 
metastases were discovered, giving a total incidence of 
50%. Other organs in which nearly half the secondary- 
deposits escaped naked-eye detection were: lungs, 
spleen, pancreas, heart, and bone marrow’. Other figures 
of interest are given concerning metastasis to other 
organs. IF. S. Killpack. 

Aseptic Necrosis of Pancreas Due to Arterial Thrombosis 
in Malignant Hvpertension. Pagel, W., and Woolf, 
A. L. (1948). Brit. mcd. I, 442. 

The authors describe a fatal case of malignant hyper- 
tension w’ith uraemia. At necropsy the pancreaticduct 
was normal, but the pancreas itself w*as swollen and hard 
owing to the presence of 10 small anaemic infarcts and 
1 large one, each surrounded by a characteristic narrow- 
haemorrhagic margin. There was no evidence of fat 
necrosis or of acute haemorrhagic pancreatitis. His- 
tological examination revealed marked arteriosclerosis of 
the small arteries with partial or complete thrombotic 
occlusion of many of them. 

The authors point out that neither the clinical nor the 
anatomical findings resembled in any way those seen in 
acute haemorrhagic pancreatitis; thcy r doubt whether a 
vascular factor operates in the production of this disease. 
They rightly stress the existence of infarction of the 
pancreas as distinct from acute haemorrhagic pancreatitis. 

R. B . T. Baldwin" 

Carcinoma in Chronic Gastric Ulcer : Results of Patho- 
logical Examination of 1,720 Resected Stomachs. 
(Ubcr das Carcinom im chronischen Magcngcschwur 
Ergcbnissc dcr pathologisch-histologischen" Untcr- 
suehunccn an 1720 resezierten Macen.) Hoffmann. 
M. (J94S). Arch. klin. Chir ., 260, 570. 

While refuting the idea that simple gastric ulcer is a 
prc-canccrous condition, the author looks upon it as 
fertile ground for the development of malignant chances 
in a stomach with a carcinomatous diathesis. 
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Liver Biopsy in Sarcoidosis. Scadding, J. G., and 
Sherlock, S. (1948). Thorax , 3, 79. 

Aspiration biopsies of the liver from 3 cases of sar- 
coidosis, and from a fourth case in which there was no 
other evidence of the disease, showed characteristic 
lesions. 

Cytochemical Studies of Normal and Tumor Mast Cells 
in Tissues and in Vitro . Paef, G. H., Montagna, W., 
and Bloom, F. (1947). Cancer Res., 7, 798. 

Histochemical studies of normal and tumour mast 
cells, and of tumour mast cells cultivated in vitro , reveal 
that the mast cells in all these categories contain lipids, 
cytochrome oxidase, and acid and alkaline phosphatases 
in their cytoplasm. The tumour cells also contain alkaline 
and acid phosphatases in their nuclei. — (Authors’ 
summary.) 

Melanin-forming Epidermal Tumours of the Skin: A 
Study of 57 Personally Observed Cases, Stewart, 
M. J., andBoNSER, G. M. (1948). /. Path. Bad., 60, 21. 

The authors describe 57 pigmented epidermal tumours 
of the skin, including squamous papillomata, benign 
calcified cpitheliomata, basal-cell carcinomata, and 
squamous carcinomata. The melanin in the tumours 
appears to be formed in the neoplastic epidermal cells. 
The authors conclude that the pigmented epidermal 
tumours are unrelated to the. malignant melanoma or 
the benign pigmented naevus. Clinically these tumours 
behave like the corresponding non-melanin-forming 
epidermal tumours. 

Pigmented Precanccrous and Cancerous Changes in the 
Skin. Khanolkar, V. R. (1947). Cancer Res ., 7, 692. 

An account is given of melanotic basal-cell and 
squamous-cell tumours of the skin. These arc distinct 
from true mclanomata and they are relatively benign. 
The author describes the abundance of dendritic pigment- 
forming cells (melanoblasts) in the growths. These cells 
are not easily seen in sections stained by the usual 
methods; they are more clearly shown by silver impreg- 
nation or by the “dopa” reaction. The author considers 
that the pigmented cells undergo hyperplastic prolifera- 
tion in the tumours, “although they fail to keep pace 
with the increase in number of other epithelial cells and 
arc later completely choked by them.” 

Benign Trophoblastic Cell Proliferation. Tedeschi, C. G., 
and Matarese, A. A. (1948). Amcr. J . Obstct. Gyncc 
55, 758. 

Two cases are described in which curettage was per- 
formed after early abortion. Microscopically, the tissue 
removed had many striking resemblances to chorionic 
carcinoma. On account of the finding of atypical cells, 
conservative treatment was adopted and both patients 
remained well. Diagnoses of syncytial endometritis 
and syncytioma were made in the two cases respectively. 
Detailed microscopical findings are described, and the 
authors suggest a method for deciding whether a mole is 
benign or malignant. Braitliwaitc Rickford . 


ordinary epidermal cells of pigmented skin, they arc not 
of endogenous origin but arc derived from branched 
cellular elements called pigmented dendritic cells. These 
arc located at the level of the basal layer cells of the 
epidermis. From them branches arc given off which 
travel along the intercellular spaces between the ordinary 
epidermal cells, dichotomizing frequently, and ultimately 
terminating in the form of “caps” or .“end-buttons” 
closely applied to the boundaries of ordinary epidermal 
cells. Dendritic cells have a cell-lineage of their own 
and are not derived from ordinary epidermal cells of the 
basal layer as a functional modification. Branched 
cellular elements which arc similar in all respects to 
pigmented dendritic cells except that they lack melano- 
gcnic properties have been demonstrated in the non- 
pigmented epidermis of man, the guinea-pig, and the 
rabbit, and have been called white dendritic cells. It is 
suggested that dendritic cells fulfil some physiological 
function in the epidermis other than melariogcncsis. It 
is concluded that the mammalian epidermis is a compound 
tissue composed of at least two distinct cellular elements, 
the dendritic cells and the ordinary epidermal cells. • 
From the Author's Summary. 


Chronic Thyroiditis. Marshall, S. F., Meissner, W. A., 

and Smith, D. C. (1948). New Engl J. Med ., 238, 758. 

A study of 187 cases of chronic thyroiditis has led to 
their separation into three groups. Group 1 comprised 
41 (22%) specimens which showed a reaction seemingly 
due to infection; In 18, however, there were changes 
suggesting subacute inflammation — moderate fibrosis, 
numerous inflammatory cells, chiefly polymorphonuclear, 
and some degenerate acini with spillage of colloid causing 
a foreign-body giant-cell response. In a further 18 there 
was a more chronic stage of the process, in which the 
polymorphonuclcars had largely or completely dis- 
appeared, but foreign-body giant cells were numerous, 
as also, scattered throughout the fibrotic stroma, were 
numerous lymphocytes and plasma cells. The. remaining 
5 cases illustrated the healed stage of the infective process 
with fibrosis, absence of giant cells, and paucity of other 
inflammatory cells. This last condition is commonly 
called Riedel’s struma. In none of the stages in this 
infective process are there characteristic epithelial 
changes. 

The second group was composed of 78 glands (42%) 
with changes typical of what is called Hashimotos 
struma or struma Iymphomatosa, there being marked 
infiltration of the stroma with lymphoid cells and 
atrophy and acidophilia of the epithelium. The glands 
were rubbery in consistence. 

The third group of 68 cases (36%) undoubtedly 
included thyroiditis resulting from several causes. The 
basic microscopical changes were present but so mildly 
as to make further classification impossible. These cases 
were labelled “chronic thyroiditis, non-specific.” Some 
in this group appeared to be of the “exhaustion atrophy 
type, some may have represented early stages of the 
infective and lymphadcnoid type, and others may have 
been due to vascular or traumatic causes. , , 

Charles Donald . 


Dendritic Cells. Billingham, R. E. (1948). /. Attain 
Lond.y 82, 93. 

During a reinvestigation of the anatomical basis of 
pigmentation of mammalian skin it was demonstrated 
that, although pigment granules are found in most 


Thyroiditis. Crile, G. (1948). Amt. Slug., 127, 640. 

Subacute thyroiditis (27 personal cases) is a disease of 
unknown aetiology, but it may be due to a virus. Its 
onset is sudden, it may follow an upper respiratory infec- 
tion, and it is six times as common in women as in men. 
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Xhe striking feature of the histology is the presence of 
foreign-body giant cells, and adenomata are rarely 
present 

Struma lymphomatosa (14 personal cases) is also of 
unknown aetiology. It is neither the end-result of 
subacute thyroiditis nor does It progress to Riedel’s 
struma. It appears to be part of a systemic disease. The 
gland does not become adherent to surrounding struc- 
tures. It is firm, friable, avascular, and grey on section. 

Riedel’s struma (11 personal cases) is an inflammatory 
condition, often asymmetrical, with fibrosis which extends 
to involve surrounding organs. Its onset is insidious, and 
its progress slow and unaccompanied by systemic 
symptoms. Pressure on the trachea is the predominant 
symptom. The thyroid is stony hard, and difficult to 
distinguish from carcinoma. In the centre of many 
areas of Riedel’s struma there ls a degenerating adenoma. 

During the period in which these cases were seen, 10 
other cases of thyroiditis were encountered which did not 
fit into any category, and 3 cases of suppurative thyroidi- 
tis. Neither tuberculosis nor syphilis of the thyroid was 
observed. * R. S. Handley. 


Clinical and Pathological Features of Human Cerebral 
Necroses due to Irradiation. (Aspects cliniques et 
pathologiques des radion£croses cerebrales chez 
rhomme.) Van Bogaert, L., and Hermanns, J. 
(1948). Ann. Med., 59, 14. 

This paper reports 2 cases, the first in a child of 3 years 
and 3 months suffering from tinea and epilated by x rays, 
the second in a man of 61 with basal-cell carcinoma of 
the scalp treated by irradiation from 6 radium needles 
for 5 days. 


Miliary Tuberculosis of the Aorta. (Die miliare Aorten- 
tuberkulosc. Betrachtungen anhand einer Miliar- 
tuberkulose mit tuberkuloser Lebercirrhose.) Waser, 
P. (1948). Schweiz. Z. Path . Bakt., 11, 29. 

A case is reported in which a young adult showing 
radiologically a primarkomplex in his right lower lobe 
. developed miliary, tuberculosis and tuberculosis of his 
right sacro-iliac joint and died 4 months after the appear- 
ance of the first symptoms. Necropsy revealed tuber- 
culous meningitis, tuberculous cirrhosis of the liver with 
nodules resembling Boeck’s sarcoid, and miliary tuber- 
culosis of the aortic intima. Histological examination of 
the aortic lesions showed nodules at the extreme inner 
surface of the intima projecting into the lumen; these 
arose just under the endothelium and pushed it up; 
small thrombi formed on its surface. Acid-fast bacilli 
were present in enormous numbers round the edges of 
the lesion. C. L. Oakley . 


Fatty Liver Disease in Infants in the British West Indies. 

WaTERLOW, j. c (1948). Spec. Rep. Scr. mcd. Res. 

Comm., Land 263, 5. 

The clinical, pathological, and biochemical charac- 
teristics of fatty liver disease of infants in the British West 
Indies arc described. This condition is differentiated 
from kwashiorkor, infantile pellagra, and a number of 
other conditions. 

Fifteen cases of fatty liver disease were studied. 

the liver without oedema was found in 
10 of an unsclectcd group of infants. Liver biopsy 


Showed the presence of fat, but the serum-protein 
concentration and dye- clearance were normal. This 
condition was regarded as an early stage of fatty liver 
disease. Late cases in which the infant did not die or did 
not recover completely showed cirrhotic changes in the 
liver. Response to treatment was assessed by serial 
measurements of serum-protein concentration, the 
bromsulphalein test, and liver biopsy. In a small group 
of severely ill infants, methionine (5 g. daily for 7 days), 
choline (500 mg. daily for 4 to 7 days), and inositol 
(1 g, daily for 4 to 7 days) had no beneficial effect. High 
milk intake resulted in improvement. 

A. C. Frazer . 


Infantile Cortical Hyperostoses. (In English.) Van 

Zeben, D. (1948). Acta paedlatr Stockh ., 35, 10. 

In three cases of infantile cortical hyperostoses there 
were the characteristics found by Caffey — cortical thick- 
enings in the bones and tender swellings deep in the soft 
Tissues, though the peculiar facial expression caused by 
the latter in the region of the lower jaw, as described by 
Smyth, was not evident. In addition, a familial incidence 
was encountered (2 of the patients were siblings and the 
third was a cousin) and an anterior convex curvature of 
the thickened tibiae was seen radiologically. In each 
case the presenting symptom was swelling of the legs, 
associated in 2 cases with pain and impaired movement. 
Biopsy in one case revealed infiltration with osteoblasts, 
lymphocytes, and marrow cells. Culture and inoculation 
tests were negative. Two of the infants recovered; the 
third died of an intercurrent infection. W. F. Gaisford . 


Investigations on the Pathology of the Pancreas in the 
First Year of Life, with Special Reference to the 
Connective Tissue. (Untersuchungen zur Pathologie 
des Pankreas in ersten Lebensjahr unter besonderer 
Berucksichtigung des Bindegewebes.) Ule, G. (1948). 
Frankfurt. Z. Path., 59, 359. 

In 72 premature infants and infants within the first 
year of life the weight and length of the pancreas differed 
greatly. The pancreas at this age is very rich in connec- 
tive tissue and there is a relative insufficiency of the 
pancreas. Signs of embryonal haem atop oiesis were 
frequently seen. In cases of general infection hvpcraemia 
was repeatedly found, and in 3 cases haemorrhages. 
Cases are described in which severe alterations (phleg- 
monous pancreatitis, obstruction of duct) had occurred 
without corresponding clinical signs in vivo. 


Histologic Studies on a Virilizing Tumor of. the Adrenal 

Cortex. Weber, E. J., and Mentek, M. L. (1948). 

Amer. f. Path., 14, 293. 

The patient, a boy of 3£ years, showed precocious 
development of the genitalia and the hair of the face, 
axillae, and pubic area, and his daily excretion of 17- 
kctostcroids was 14.7 mg., thus nearly approaching the 
adult level. A large right-sided adrenal tumour was 
removed and the output of ketosteroids fell to that normal 
for a child of 34 — about 5 mg. daily. The cells of the 
tumour contained fatty secretory globules stainabl- with 
ponceau fuchsin or Sudan IV, and a series of cells were 
identified with a range of secretory changes comparable 
with those seen in the normal adrenal cortex. 

R. A. mills. 
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Hydat/diform Mole In the Fallopian Tube. Chalmers, 
J. A. (1948), /. Obstct . Gynaec . Brit , £>///?., 55, 322, 

A review of the literature on hydatidiform mole in the 
Fallopian tube is given and a case is described, bringing 
the total number recorded to 15. There was a history 
of 10 weeks’ amenorrhoea followed by irregular bleeding 
and lower abdominal pain. A diagnosis of ectopic 
pregnancy was made. At operation a small swelling 
1 cm. x 2.5 cm. was found in the middle of the right 
Fallopian tube. There was a small rupture in the tube 
and a small amount of free blood in the pouch of Douglas. 
The pelvic organs were otherwise normal. The Aschhcim- 
Zondek reaction carried out after the operation was 
negative. Microscopical examination revealed avascular 
oedematous villi and areas of trophoblastic proliferation. 

Gladys Dodds . 


Comparison of Histological Characters of Autumnal 
Maritime Encephalitis and Japanese B Encephalitis. 
(In Russian.) Grashchenkov, N. I., Glazunov, I. C., 
and Robinson, I. A. (1948). Nevropat. Psikhiat., 17, 
No. 1, 5. 

Clinical and epidemiological observations were made 
in over 200 cases of encephalitis; description of the 
histological features is based on 39 necropsies. The 
histopathological features in the first days of autumnal 
encephalitis consisted, apart from the typical exudative 
and proliferative phenomena, of marked degenerative 
changes and of numerous foci of softening in all sections 
of the brain. The inflammation is often of haemorrhagic 
type, variable in extent in different cases; haemorrhages 
in the cerebral meninges were particularly extensive. 
The proliferative phase is characterized by the prolifera- 
tion of the elements of the endothelium of blood vessels; 
this is accompanied by the formation of infiltrates, 
mainly in the adventitial spaces, and by proliferation of 
histiocytes and mononuclears. With few unimportant 
exceptions, a similar picture was seen in cases of Japanese 


B , encephalitis. Although ' the latter disease occurs 
mainly in summer or towards its end, the authors con- 
cluded, on the basis of histological evidence, that autum- 
nal maritime encephalitis and Japanese B encephalitis 
arc identical. It had been proved earlier by Russian 
workers that the two viruses are identical. 

H. P. Fox. 


Leishnian’s Stain Adapted for Use with Histological 

Sections. Black, R. H. (1948). Ann. trap. Med. 

Par as it., 42, 52. 

Thin paraffin sections, brought down to distilled water, 
were treated as follows: saturated aqueous solution of 
picric acid, 5 to 10 minutes; wash with water; Lcishman 
stain (1:2 water) .25 minutes; wash in running water, 
10 to 15 minutes; dehydrate through xylol-acctonc 
mixtures — xylol 5%, 30%, 70% — to pure xylol; mount 
in neutral medium. 

Erythrocytic malarial parasites are wcH stained ana 
exocry throcy tic forms of P. gaUmaceum in sections of 
liver, kidney, and spleen are clearly shown, but there is 
no differential staining of the chromatin and cytoplasm 
of the parasites. The tissue cells, especially of cellular 
organs (liver, kidney, intestine, spleen) arc well stained. 

J, F. Corson. 


Rapid Cytodiagnosis in Dermatology. (Lc cytodiagnostic 
immediat cn dcrmatologie.) Tzanck, A. (1948). Amu 
Derm. Syph.y Paris , 8, 205. 

The examination of stained scrapings from skin lesions 
can in certain jxiscs assist in diagnosis^ Material for 
examination should be obtained by scraping the base of 
the lesion and not from crusts or exudations. The stain 
normally used has been the May-Grumvald-Gicmsa- 
Accuracy in interpretation of the findings can be obtained 
only by study of many specimens. The method is oi 
value in the diagnosis of all types of cutaneous cancer. 
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For many years it has been realized that serum 
globulin is not a single homogeneous protein, but 
comprises a variety of proteins which have dif- 
ferent physical, chemical, and physiological pro- 
perties. The salt fractionation methods that have 
been used for many years do not yield fractions 
which are sharply distinguished one from another 
in any properties. A striking example is that of 
the fractionation of diphtheria antitoxic serum 
with ammonium sulphate ; antitoxin is found in 
a series of fractions ranging from that precipitated 
between 30 and 35% saturation to that pre- 
cipitated between 52 and 56% saturation (Barr 
and Glennie, 1931). 

During recent years new methods have been 
used for the separation and study of the pro- 
teins of serum and plasma. In particular the 
moving boundary method of electrophoretic analy- 
sis developed by Tiselius (1937) raised great hopes, 
for by this method at least five fractions of dif- 
ferent mobility can be recognized in human scrum ; 
the mobilities of these fractions arc distinct and 
Utile material of intermediate mobility can be 
o* 
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detected. Cohn and his colleagues at Harvard 
have studied the factors that affect the solubility' 
of proteins. On the basis of these studies they 
have developed a method of separation of 
proteins by independent variation of these 
factors. This method has revealed the presence 
in serum of a grc3t variety of distinct proteins. 
It has now been used extensively and on a large 
scale for the preparation of active fractions rela- 
tively free from other protein. Methods have 
been devised by which the molecular weights of 
protein molecules can be calculated and tentative 
estimates can be made of their shapes and sizes. 

The separation of fractions by electrophoresis 
is based on one property only, that is, mobility 
in an electric field. The molecules contained in 
a fraction which, on the basis of mobility, is 
homogeneous,' may have different shapes, weights, 
and sizes, different chemical compositions and dif- 
ferent physiological properties. The globulin frac- 
tions separated by Cohn’s methods and, still more, 
those separated by salt fractionation, contain pro- 
teins of different mobilities. Tnc grouping of 
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serum globulins, therefore, depends on the choice 
of property on the basis of which they are 
classified. 

The mobilities of the components of the frac- 
tions prepared by Cohn’s methods have been 
measured. A very large number of abnormal 
sera have been studied by electrophoresis ; from 
these results it is possible to draw conclusions as 
to the changes of electrophoretic pattern that may 
be expected in various types of disease, and the 
significance of these changes. Few abnormal sera 
have been studied by the other new methods. We 
will, therefore, use the electrophoretic patterns as 
the basis of discussion in this article. 

Comprehensive reviews of investigations into the 
concentration, distribution, and significance of pro- 
teins in serum have been published by Janeway 
(1943), Stern and Reiner (1946), Luetscher (1947), 
and Gutman (1948). 

I. Electrophoresis : Method and Interpretation 

The object of electrophoresis is to demonstrate the 
presence of constituents which have different mobilities 
and to measure the relative concentrations of these 
constituents. The conditions of pH and salt concen- 
tration influence the results and they have to be 
specified. The range of pH commonly used for 
plasma or serum is between 7.7 and 8.6 ; in this pH 
range all serum proteins carry negative charges and 
therefore move towards the anode. The salt concen- 
tration usually chosen is equivalent to an ionic 
strength of 0.1 or O.2.* The experiments are made 
in the special apparatus designed by Tiselius which 
consists of a U-tube with a rectangular cross section, 
the upper ends of which are connected to two elec- 
trodes. The solution to be analysed is run into the 
bottom part of the U-tube, buffer solution is placed 
on it and in the remaining space, including the 
electrode vessels. 

At the beginning there is one boundary between the 
protein solution and the supernatant buffer in each 
limb of the U-tube (Fig. la). On passing an electric 
current these two boundaries move away from the 
original positions at velocities equal to the velocities 
of the protein ions below these moving boundaries. 
If several protein constituents of different mobilities 
are present the original boundaries will split into 
several boundaries moving with different speeds. In 
addition to these moving boundaries there are two 
almost stationary boundaries, S and e, which are due 
to changes in conductivity at the positions of the 
original boundaries (Fig. 1). Before it is put in the 
U-tubc the protein solution is dialysed against the 
buffer. In order to reduce to a minimum convection 
currents arising from differences in temperature within 
the U-tube between the inner and the marginal parts 

*Thc ionic strength is defined by i (c^-f c 3 z, 2 -r j 

where c^c., . . . are the ion concentrations and . . i 

are the valencies. 


I 

I 

I K 



K-K 




Fig. 1. — Distribution of three components, K, L, and 
M, of different mobilities: (a) Before electro- 
phoresis; ( b ) after electrophoresis. 


during the passage of the current, the U-tubc is 
immersed in a water-bath of a temperature near the 
density maximum of the solution (0-4° C.). 

The methods of observing the number and positions 
of the boundaries and of measuring the relative 
concentrations of the fractions are based on the 
change of refractive index produced by the change 
in the concentration of protein at the boundary. On 
account of this change of refractive index a horizontal 
ray of light passing through the tube is deflected 
downwards. The extent of the deflection depends on 
the rate of change of the refractive index. In the 
space immediately above and below the boundary the 
concentration does not change and a ray of light pass- 
ing through the tube is not deflected. In Thoverts 
cylindrical lens (Thovert, 1914; Philpot, 1938 ; 
Svensson, 1939) and in Lo.ngsworth’s Schlicrcn scan- 
ning (1939) methods the vertical deflection is trans- 
lated by optical and mechanical devices into a lateral 
deflection which is recorded on a screen. The 
boundary appears on the screen as a peak. On 
migration the sharpness of the peak changes. Vari- 
ation in conductivity and in pH have each the effect 
of sharpening the peak in one limb and of broaden- 
ing it in the other. These effects may be in the oppo- 
site or in the same direction. Spreading by diffusion 
is superimposed in both limbs. If a boundary peak 
remains single during migration over a long distance 
it is usually inferred that the protein is clectro- 
phoretically homogeneous. But this need not neces- 
sarily be the case, since a mixture of similar proteins, 
the mobilities of which are distributed in a smooth 
frequency curve, can also show a single peak after 
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migration over a long distance. Criteria to define 
the degree of non-homogeneity have been proposed. 
(For literature see Albcrtv. 194S.) 

Fie. 2 shows the concentration distribution along 
the vertical direction in a boundary. The difference 
between the concentrations at A and that at A' is 
proportional to the difference between the refractive 
indices at A and that at A'. This can be shown to be 
proportional to the area under the peak ADA'. When 
the protein solution used is a solution of serum pro- 
C 



A' AX 

Fig. 2. — Concentration-distribution in a boundary, and 
corresponding peak formed on plate. 


teins the components that have different mobilities 
are represented by peaks as in Fig. 3. They are called 
albumin, (Longsworth, 1942), a 2 -, /2- and 7-globulin. 
In order to separate the c^-globulin from the albumin 
a diethybarbiturate buffer of pH 8.6 is used (Longs- 
worth, 1942). When the phosphate buffer is used at a 
pH lower than 8.0 the a,-globulin peak does not sepa- 
rate from the albumin peak ; the “ albumin ” there- 
fore includes ^-globulin.* Subsequently it has been 
shown that each component is composed of a group of 
proteins the mobilities of which differ slightly. Fre- 
quently two peaks can be distinguished in the region 
of the /2-globulin boundary'. The faster has been 
called /?,- and the slower /2 ; -. A small component 
normally seen in human sera between the /2,- and the 
7-globulins has been designated as but is now 
called y 4 - (Deutsch et al., 1946). If plasma is used the 
fibrinogen is represented is a peak, 0, which includes 


Throughout this review we will use the term "a 
globulin (without a numerical suffix) to mean «.-g!obuIii 
separated at a pH not exceeding 8.0; in these instance? 
tbe tt,-globuhn is included in the ** albumin.” 


O** 


the 7, -globulin and lies between the /?- and 7-globulin. 
The concentrations of these components are propor- 
tional to the areas (measured with a planimeter) under 
these peaks ; the relative concentrations are calculated 
from the relative proportions of these areas, and, if 
the total concentration of protein in serum has been 
determined, the absolute concentrations of these frac- 
tions can be calculated.* This simple statement needs 
some qualification. In the first place it assumes that 
the rate of change of refractive index with change of 
concentration (specific refractive increment) is the 
same for each protein and that no gradients of refrac- 
tive index are produced across the boundaries by 
concentration gradients of other substances. In the 
second place, the molecules which move in groups 
and cause the changes of refractive index are not 
simple proteins, in the sense of compounds built of 
amino-acids, but are aggregates of protein, carbo- 
hydrate, and lipids more or less firmly united. 
The assumption that the specific refractive incre- 
ment is the same for each protein is approxi- 
mately correct if the concentration of “ protein ” 
used as a basis of calculation is the weight of the 
total protein-Iipid-carbohydrate aggregate that moves 
as a unit. But the traditional methods of reckoning 
amounts of proteins are based on the amounts of 
nitrogen that they contain, or on the dry' weight of 
the protein-carbohydrate complex left after extraction 
of the lipids. As the amounts of lipid in the a- and 
/2-globulins of serum are larger than the amounts in 
the albumin and 7-globulin, the relative propor- 
tions of a- and /2-globulin calculated from the areas 
of the peaks are higher than w’ould be found if the 
proportions were calculated from the amounts of 
nitrogen in these fractions. This difference in method 
of reckoning accounts for part of the difference 
between the albumin /globulin ratios found by salt 
fractionation and by electrophoresis ; the difference 
becomes large w'hen the amount of lipid in the serum 
is high. Other factors affect the apparent concentra- 
tions and mobilities. All that need be said here is 
that for comparable results ionic strength and protein 
concentrations must be kept within certain limits. 
Experiments to determine these limits have been made 
by Perlmann and Kaufman (1945), Svensson (1946), 
Koenig et al. (1946), and others. 

II. Fractionation by Precipitation Methods 

It is not generally practicable to use electro- 
phoresis as a routine method of examination. 
When interest was focused on the reduction of 
serum proteins in nephrosis it was sufficient to 
measure the total concentration of proteins. Now 
that it is realized that in some diseases the con- 
centration of albumin may be very low', although 
the total concentration of protein is not reduced, 

*The reproducibili.y of the measurements can be 
assessed from the data given by Dole (1944), Seibert et al. 
(1947), and others. The error in the estimate of the albumin 
is usually within ±2% ; that of any other component, if 10 
or 20% of the total, within ±5%, depending on the 
resolution of the peaks. 
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and that the concentration of one electrophoretic 
fraction of the globulin may be changed without 
changes of the concentrations of the others, the 
relation of fractions separated by suitable routine 
methods to electrophoretic fractions must be 
considered. 

Salting Out. — The fractions separated by precipita- 
tion with strong salt solutions are not homogeneous. 
In the earliest investigations Tiselius (1937) found 
that the globulin fraction, precipitated from horse 


pattern very little. (In the scrum studied little pro- 
tein, Howe’s “ euglobulin,”* was precipitated by this 
concentration of sulphate.) • When the concentration 
was raised to 17.4% about one-half of the y-globulin, 
a quarter of the /2-, and none of the u-globulin was 
precipitated. This fraction includes Howe’s pseudo- 
globulin I. All the y-, three-quarters of the /?-, and 
one-quarter of the a-globulin including Howe’s 
pseudoglobulin II were precipitated by 21.5% sul- 
phate. The residual solution, containing Howe's 
“albumin,” contained a- and /2-globulin. Dole (1944) 


TABLE I 


DISTRIBUTION OF ELECTROPHORETIC COMPONENTS (g./100 ml. OF ORIGINAL SERUM) IN 
FRACTIONS PRECIPITATED WITH AMMONIUM SULPHATE FROM NORMAL HUMAN SERUM 

(neurath Er al 1947) 



Albumin 

Globulin 

«i 

a 2 

p 

r 

Whole Serum 

3.52 

0.4 

1.07 

0.80 

1.41 

Fractions Precipitated Between 






Molar 

Saturation 






Concentrations 

(%) 






0-1.4 

0-34 

0 

0 

0.04 








, — ' 

1.4-1. 7 

34-42 

0.05 

0 

0.22 


1.7-2. 1 

42-51 

0.10 

0.12 

0.33 



2.1- 

51- 

2.28 

0.38 

0.22 


0 


serum by 30% saturation with ammonium sulphate, 
contained some albumin, and that 25% of the pro- 
tein not precipitated by 50% saturation was globulin. 
Cohn, McMeekin, and colleagues (1940), and Svens- 
son (1941) found that the fractions of the globulin 
precipitated between various concentrations of 
ammonium sulphate contained all three of the 
electrophoretic components. The distribution in the 
fractions precipitated from human serum are given 
in Table I. Jager and Nickerson (1948) found that 
about three-quarters of the globulin precipitated by 
33% saturated ammonium sulphate was y-globulin ; 
the precipitate also contained 11 to 14% of /2- 
globulin and 5 to 16% of a^, and a 2 -globulin. The 
heterogeneity of these salt-precipitated fractions is 
also shown by the fact that a /2-globulin, which 
contains the mid-piece of complement, makes up a 
considerable part of the globulin precipitated from 
human and guinea-pig serum by 34% saturated 
ammonium sulphate (1.39M.) at a pH of about 6.1 
(Pillemer et al., 1941, 1943). 

In Kekwick’s (1940) method of preparing y-globulin 
from normal human serum the precipitate formed 
with 12% sodium sulphate contained 5% of /2- and 
«-gIobulin. In the course of their study of the 
fractionation of normal human sera by Howe’s (1921) 
method Gutman and his colleagues (1941) found that 
13.5% sodium sulphate changed the electrophoretic 


also found that Howe's albumin contained more than 
one globulin fraction. 

In other studies of human serum, such as that of 
Kibrick and Blonstein (1948), the amounts of protein 
precipitated by various concentrations of sodium sul- 
phate have been compared with the amounts of the 
fractions found by electrophoresis. The fact that the 
amount of protein precipitated by a given concentra- 
tion of a salt is equal to the amount of some electro- 
phoretic fraction does not imply that this precipitate 
is electrophoretically homogeneous. 

Low Salt Concentration. — The amount of globulin 
precipitated from serum by dilution or dialysis against 
solutions of low salt concentration depends on the 
pH and ionic strength. Thus the so-called “end- 
piece ” of guinea-pig complement is not precipitated 
at pH 5.2 and an ionic strength of 0.075 but is precipi- 
tated at this pH when the ionic strength is reduced to 
0.01 (Pillemer et al . , 1941). Erickson et al. (1947) 
found that in euglobulin, precipitated from syphilitic 
serum by dilution and the passage of C0 2 or by addi- 
tion of HC1 to pH 6.045.1, about one-half was v 
globulin, about a quarter a-, and a quarter /2-globulm. 

*The term “ euglobulin ” has been used promiscuously 
to mean the fraction that is insoluble at low salt concentra- 
tions, the fraction precipitated by 4 saturation with 
ammonium sulphate, and that precipitated by 13.5 ,.i 
sodium sulphate. If the term is used the precise meaning 
should be specified. 
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TABLE II 

PARTTT10N OF SCRUM PROTONS (g./lOO ml.) BY HOWE’S METHOD (G UTS? AN BT AL t<t 1941) 



1 

Total | 

: Protein ] 

1 

1 

Albumin j 

1 Globulin 

! Eu_ ! 

Pscudo-1 j 

Pseud o-H j 

Total 

Mean i 

, 7.2 1 

5.2 

0.2 i 

1.3 

0.5 1 

2.0 

Standard Deviation 

0.35 ! 

! 0.25 

0.11 

0.23 

0.16 

0.27 

Range 

6.5 to 7.9 | 

1 4.7 to 5.7 

i 

/ under \ j 
\0.1 to 0.4/ 

i 

1 0.8 to 1.9 

l 

0.2 to 0.8 , 

1 

1.3 to 2.4 


Quantitative Methods. — The ratio of albumin to 
globulin found by salt fractionation, by Howe’s 
method, for example, is higher than that calculated 
from the electrophoretic patterns. Thus Dole and 
Braun (1944) found that the ratios measured electro- 
phoretically were roughly two-thirds of the ratios 
found by Howe’s method. This is due to two causes. 
First, the amount of globulin that is not precipitated 
by the critical concentration of salt {21.5% sodium 
sulphate in Howe’s method) is more than the amount 
of albumin that is precipitated at this concentration. 
Second, the estimates of protein in the salt fractions 
are actual estimates of the amounts of nitrogen in 
these fractions: the estimates of the electrophoretic 
fractions, calculated from the areas of the peaks, 
include lipids which contain little nitrogen. As the 
globulins contain more lipid than the albumin the 
ratio of globulin to albumin calculated from the areas 
under the peaks is higher than the ratio based on 
nitrogen contents. When the electrophoresis is run at 
pH about 7.8 the a.-globulin is included in the 
albumin, and the ratio of albumin to globulin then 
agrees more closely with that found by the usual 
salt-fractionation methods. 

Attempts have been made to devise simple precipi- 
tation methods by which the relative concentrations 
of the fractions separated will agree better with those 
estimated by electrophoresis. Milne (1947) and 
Kibrick and Blonstein (1948) recommend the use of 
15.75, 19.90, and 27.20% solutions of sodium sulphate 
for precipitation. Twenty volumes of these solutions 
are added to one volume of serum, and the final 
concentrations are then 15, 19, and 26%. The amount 
of protein precipitated by 15?^ was called y-globulin ; 


the difference between the amounts precipitated by 
19 and 15%, ^-globulin; the difference between the 
amounts precipitated by 26 and 19%, a-globulin ; and 
the protein left in solution, albumin. 

The amount of 7-globulin estimated in this way in 
14 sera agreed well with the amount of electrophoretic 
v-globulin. In only two sera was the difference greater 
than 0.2 g./lOO ml. Out of 10 sera the estimates of 
/3-globulin by the tw’o methods differed by less than 
0.2 g./lOO ml. in all but one serum, and the estimates 
of a-globulin by less than 0.3 g./ 100 ml. in all but one. 
The authors do not mention whether the electro- 
phoresis was run at pH 7.8 or 8.6, but the amounts 
of electrophoretic a-globulin given are those that 
would be expected if it included both a,- and «.- 
globulin. 

Pillemer and Hutchinson (1945) introduced a 
method of precipitation with methyl alcohol in the 
cold. They found that the amount of protein precipi- 
tated agreed well with the amount of globulin esti- 
mated by electrophoresis. However, Nitshe and 
Cohen (1947), using this method, found in 23 normal 
sera a ratio of albumin to globulin (2.25), which is 
much higher than any found by electrophoresis. 
Martin and Morris (1949) have confirmed that the 
albumin /globulin ratio found by precipitation with 
26% sodium sulphate and by the methyl alcohol 
method agree with that found by electrophoresis at 
pH 8.0, whereas the ratios found by precipitation with 
sodium sulphite (Campbell and Hanna, 1937) and 
magnesium sulphate (Popjak and McCarthy, 1946) 
did not. 

Low-Temp erature-Lo w-Salt-L ow-D iel ectri c- Co nstan t 
Fractionation.— The separation of proteins in this 


TABLE m 


DISTRIBUTION OF ELECTROPHORETIC FRACTIONS (g./lOO ml. OF ORIGINAL PLASMA) SEPARATED BY THE 
LOW-TEMPERATURE-LOW-SALT-LOW-DIELECTRIC-CONSTANT-FP.ACTIONATION METHOD 


Fraction 


I 


II and III 
IV i 1 
IV 4 
V 


Ethanol 

Concentration 

(%) 

PH 

Ionic Strength 

Temperature 

CO 

Globulin 

Albumin 

y. 

fj ! 

^ / 

1 Fibrinogen 

8-10 

7.2 

0.14 

— 3 


0.3 


2.1 

25 

6.8 


-5 


U 


1.9 

IS 

5.2 


— 5 

0 

4.5 


0 

40 

5.8 1 


-5 j 

0.9 

2.7 


0 

40 

4.8 

0.11 

— 5 ! 

29.9 

1.3 

1 1 

0.3 0 

0 






Ascending Descending 
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-Electrophoretic patterns of normal pooled sera and normal serum (blood donor). 

* Figures in brackets denote percentage of total protein. 
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process, developed by Cohn and his colleagues, 
depends on the fact that small variations of the ionic 
strength or dielectric constant of solutions may have 
a great effect on the solubility of protein molecules : 
this effect depends on the electric configuration which 
may be highly characteristic of certain molecules. 
The dielectric constant is lowered by the addition of 
ethyl alcohol. The five variables— namely, ionic 
strength, concentration of protein. pH, temperature, 
and dielectric constant — can be varied independently. 
The main fractions obtained are given in Table III. 
Fractions II -rill and IV— 4 arc further broken down 
into sub-fractions. A variety of proteins that appear 
homogeneous have been isolated and proteins that 
have .physiological activity have been allocated to 
the various fractions (Tables VI and VIII). As 
appears from Table III, this method does not 
separate proteins according to their mobilities, but 
various refined proteins have thus been prepared for 
therapeusis. These include albumin, which contains 
little salt ; globulin, containing antibodies to measles, 
whooping-cough, diphtheria, scarlet fever, etc. ; 
fibrinogen. for making fibrin foam, a haemostatic ; and 
fibrin film, an absorbable membrane. A full descrip- 
tion of the method and the theory on which it is based 
is given by Edsall (1947). 

. III. Normal Concentrations of Serum Proteins 

Total Protein. — Estimates of the normal con- 
centrations of proteins in serum differ widely. 
The means reported by some authors are below 
the lower limits reported by others. This may be 
accounted for, in part, by a difference of activity 
and of posture of the subjects. Thus Perera and 
Berliner (1943) found that the total protein in the 
serum of normal ambulant subjects was about* 
0.8 g./IOO ml. more than after they had been in 
bed for some hours. During recent years more 
attention has been paid to the technique for esti- 
mating nitrogen, and most estimates of concen- 
trations in the serum of healthy persons who are 
up and about approximate to those of Gutman 
et aL ^1941) given in Table IL The effect of 
posture should be bom in mind when the concen- 
trations in ' the serum of bedridden patients are 
considered. 

The proteins of serum are considered in this 
discussion, but proteins are often estimated in 
plasma. If oxalate is used as an anticoagulant, 
water diffuses out of the erythrocytes to compen- 
sate for the increased concentration of salt in the 
plasma. This water dilutes the plasma slightly, 
and consequently the concentration of protein 
found in oxalated plasma is usually no higher 
than that found in serum, although the plasma 
contains about 0.3 g./IOO ml. of fibrinogen 
whereas the serum contains none. 


It should be noted that these concentrations 
are calculated by multiplying the protein-nitrogen 
by the conversion factor 6.25.* To get the con- 
centration of protcin-Iipid-carbohydrate complex 
the average factor for use with normal serum 
should be 6.73 (Armstrong et aL , 1947), but the 
use of this factor is undesirable as the amount 
of lipid varies. 

Electrophoretic Fractions. — Examples of the 
proportions and amounts of the fractions separ- 
ated by electrophoresis are given in Table IV. In 
the estimates made at pH 7.8 the albumin includes 
ffj-globulin. Dole's subjects were healthy young 
male adults, but Armstrong's samples were drawn 
from pools of plasma from blood donors. The 
concentrations of the globulin fractions reported 
by Dole and by Lewis and McCullagh are lower 
than those reported by Seibert and colleagues. 
The mean concentration of y-globulin according 
to Dole differs from the mean of Seibert et aL by 
almost two standard deviations. This difference 
must be borne in mind when the concentrations 
of the globulin fractions in abnormal sera, are 
considered. 

Serum Proteins in Pregnancy' and Infancy'. — 
After about the twenty-second week of preg- 
nancy the serum protein falls by an average 
amount of 0.8 g./IOO ml. (Plass and Matthew, 
1926 ; Oberst and Plass, 1932, 1936 ; Hoch and 
Marrack, 1948). The albumin alone is reduced, 
and this reduction runs parallel to the reduction 
of the concentration of haemoglobin in the blood 
occurring at the same time ; both are attributed 
to increase of the blood volume. After delivery' 
the albumin rises. 

The serum proteins of babies at birth are low. 
and variable ; mean concentrations range from 
5.11 (Rapoport et aL, 1943) to 5.52 (Darrow and 
Cary, 1933). Lower values are found in the 
serum of premature babies. The concentration 
rises slowly during the first six months (Hickmans. 
et aL, 1943), and adult levels are reached by the 
third y r ear (Trevorrow et aL, 1941-2). 

Longsworth et aL (1945) reported electrophoretic 
analyses of the plasma or serum of foetal blood 
drawn from the umbilical cord and of maternal 
blood taken one hour after delivery'. In the mater- 
nal plasma or serum the average concentration of 
albumin was low (3.56 g./IOO ml.) and the con- 
centration of /2-globulin raised (1.62 g./IOO ml.). 
In foetal plasma or serum the albumin (3.82 g./ 

•Various methods, such as the biuret and tyrosine 
methods are standardized by nitrogen estimations. 


O*** 
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TABLE IV 

RELATIVE PROPORTIONS AND ABSOLUTE CONCENTRATIONS (g./lOO ml.) OF ELECTROPHORETIC FRACTIONS IN 

NORMAL PLASMA AND SERUM 


Armstrong 

et al ., 

pH 

Percentage of Total Protein 

Concentration (g./lOO ml.) 
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(8-/100 

ml.) 

A/G 

Alb. 

a i 

a 2 

a 

9 

r 

Alb. 

a i 

a 2 

p 

9 

.r 
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of 15 young male 
















adults. 

Mean 

8.6 

60.3 

4.6 

7.2 

12.1 

5.1 

11.0 

4.04 

0.31 

0.48 

0.81 

0.34 

0.74 

6.7 * 

1.53 


S.D. 


2.8 

0.7 

1.3 

1.9 

0.6 

2.5 

0.27 

0.051 

0.083 

0.126 

0.059 

0.151 


0.181 

Seibert et 

al. (1947). 
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adults. 

Mean 

8.5 

53.3 

8.0 

10.4 

13.8 


14.2 

3.88 

0.58 

0.76 

0.01 


1.05 

7.29f 

1.15 


S.D. 


2.6 

1.35 

1.38 

1.89 


2.68 

0.23 

0.10 

0.10 

0.14 


0.22 

0.35 

0.12 


Range 
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5.3- 

7.7- 

7.9- 


8.7- 

3.4- 

0.38- 

0.57- 

0.73- 
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0.59- 
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0.91- 




59.2 
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12.9 

11.6 
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1 1.45 

Moore et al. (1941). 
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Mean 

7.8 , 

62.7 


7.2 

13.1 

5.4 

11.7 

4.09 


0.47 

0.81 


0.77 

6.51* 



Range 


60.1- 


6.0- 

11.0- 

2.8- 

8.6- 

3.72- 


0.39- 

0.65- 


0.55- 

*5.94- 





67.2 


8.7 

I 

15.9 

7.2 

14.8 

5.11 


0.66 

1.07 


0.91 

7.82 



* Estimation by Kjeldahl. t Estimation by Biuret method. 


100 ml.) and y-globulin (0.97 g./ 100 ml.) were 
higher and other globulin fractions lower than in 
the maternal samples. 

The sera of new-born calves, lambs, and foals 
contain very little y-globulin. The colostrum con- 
tains a globulin which resembles the y-globulin of 
serum (Smith, 1946). After the new-born animals 
have ingested colostrum, y-globulin appears in their 
serum, but ingestion of colostrum after the calves 
have reached 24 hours of age does not lead to an 
increase of y-globulin (Hansen and Phillips, 1947). 
It seems that during the first day of life this 
globulin is absorbed without being split up by 
digestive enzymes. 

Pedersen (1944) found that about 20% of the 
total protein and 50 to 80% of the globulin in the 
serum of newborn calves is a new protein which 
he called “ fetuin.” The molecular weight of this 
protein is 5-1,000, which is less than that of 
albumin. The serum of foetal foals and lambs 
also contains fetuin. 

IV. Composition, Physical, and Physiological 
Properties 

Composition. — This is discussed under the 
headings amino acids, lipids, and carbohydrate. 

Amino Acids . — Complete estimates of the 


amino acids of the albumin, a-, and 

y-globulin, and .fibrinogen of human serum 
have been compiled by Edsall (1947) from 
the work of Brand, Kassel,' and Saidel (1944), 
Brand (1946), and Shemin (1945). The chief 
points of interest are the very low content of 
tryptophane and the relatively low content of 
glycine in albumin. The contents of various 
groups of amino acids run in the following 
orders : 

Basic : Albumin > a-globulin > /3-globulin 

> y-globulin. 

Di-carboxylic : a-globulin>albumin>/3-globu!in 
>y-globuIin. 

Hydroxy : Albumin<a-globulin</?-globulin 

< y-globulin. 

Lipids. — Blix, Tiselius, and Svensson (1941) 
found that the a- and ^-globulin of normal 
human serum contain considerable quantities of 
cholesterol and phospholipids (Table V). Reckon- 
ing the phospholipid as lecithin the total amounts 
(averages of three normal sera) in these fractions 
were 11.7 and 18.7%. Edsall (1947) considers that 
the amounts of cholesterol found in albumin 
and y-globulin indicate that these fractions were 
impure, as Cohn, Strong et al. (1946) found 
under 0.04% and 0.06% of cholesterol in purified 
albumin and y-globulin.^- 
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TABLE V 

UP1D AND CARBOttYDRATES, AS MANNOSE (g. pCf 100 g.), IN EIXCTROPHORETIC FRACTIONS OF HUMAN SERUM* 


Electrophoretic 

Fractions 

Normal 

Pneumonia 

Cholesterol 

Lipid- 

Phosphorus 

Carbohydrate j 

1 

1 

Cholesterol 

! Lipid- 

| Phosphorus 

| Carbohydrate 

Albumin 

1.07 

0.09 

1.15 

0.71 


| 5.8 

. a-GIobulin 

4.45 

0.29 1 

6.0 

0.42 

0.21 

9.9 

^-Globulin 1 

S.67 

0.40 

6.2 



1.5 

y-GIobutin 

0.41 

O.to 

3.0 

0.28 

0.12 

! 3J 


• Adapted from Blix, Tisclitis, and Svensson. (19U). 


By the special methods developed by the 
Harvard school two lipoproteins have been iso- 
lated from human serum (Table VI). One, with 
the mobility of a-globulin, contains 10% of nitro- 
gen, 16% of cholesterol, and 35% of total lipid ; 
the other, with the mobility of ^-globulin contains 
only 4% of nitrogen, 35% of cholesterol, and 75% 
of total lipid. The conversion factors, by which 
the nitrogen in these two lipoproteins should be 
multiplied to obtain the weight of lipoprotein, are 
10 and 25. 

Carbohydrate . — Table V shows that there is 
more carbohydrate in the a- and ^-globulin of 
human serum than in the albumin and y-globulin. 
There is some confusion about the amounts of 
carbohydrate in albumin and other components 
that are precipitated by the higher concentrations 
of ammonium and sodium sulphate. Hewitt (1937) 
prepared a fraction from horse serum which he 
called “ globoglycoid.” Rimington and Van den 
Ende (1940) consider that this is a complex of 
albumin and globulin. They prepared two albumins 
from ox serum, both of which contained very 
little carbohydrate ; one crystallized in hexagonal 
plates and the other in needles. McMeekin’s 
(1940) horse serum albumin that contained 5.5% 
of carbohydrate crystallized in hexagonal discs ; 
his carbohydrate-free albumin crystallized in rods ; 
the two albumins had the same molecular weights. 

Besides true albumin the filtrates obtained after 
precipitation of globulin contain two proteins, 
seroglycoid and seromucoid, which contain large 
amounts of carbohydrate.. Hewitt’s (1937) sero- 
glycoid from human serum contains 8.9% and 
seromucoid 25% of carbohydrate. Both are not 
coagulated by heat, but seroglycoid is carried 
down with the coagulum when it is heated with 
coagulable proteins. Hewitt (1938) believes that 
the amount of seroglycoid in human serum is of 
the order of 0.4 g./lOO ml. These carbohydrate- 
rich proteins have received little attention in the 


most recent investigations. An -globulin, which 
contains 4.3% of carbohydrate and has the solu- 
bility of albumin, has been isolated (Surgenor, 
Strong et al, 1948). 

Molecular Weights. — When a solution of a pro- 
tein is spun in an ultracentrifuge, a boundary zone, 
above which the solution is free from this protein, 
travels down the column of solution. If solutions 
of proteins which have different sedimentation 
rates are spun, the boundaries can be observed 
as peaks, as in electrophoresis ; the area under a 
peak is proportional to the concentration of the 
corresponding protein. Sedimentation constants, 
calculated from the distance that the boundary' 
sinks in a given time, are reckoned in Svedberg 
units (S). The sedimentation constants of molecules 
depend on their weights, shapes, and densities. 
Other things being equal the sedimentation rate 
rises with the molecular weight: a spherical 
molecule has a higher sedimentation rate than a 
fiat or elongated molecule. The molecular weight 
of a protein can be calculated from the sedi- 
mentation rate, diffusion constant, and partial 
specific volume ; also from the distribution of the 
molecules, when they have attained equilibrium in 
a gravitational field, and from the osmotic pres- 
sure. If it is assumed that the molecules have a 
certain shape the ratio of the long to the short 
axis can be calculated. In Table VI it is assumed 
that the molecules, other than the ^-lipoprotein, 
are prolate spheroids (that is, cigar-shaped) and 
that the ^-lipoprotein is approximately spherical. 

The ultracentrifuge has been used mainly to 
measure the sedimentation constants of isolated 
proteins. A difficulty^ arises, however, in the inter- 
pretation of the sedimentation patterns found with 
whole human serum, but not with the serum of 
other animals. Four peaks are found (Pedersen, 
1945). One small peak corresponds to a heavy 
fraction with a sedimentation constant- between 
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TABLE VI 

PHYSICAL PROPERTIES OF FRACTIONS ISOLATED FROM HUMAN SERUM (ONCLEY, SCATCI IARD, AND DROWN, 1947) 


Fraction 

Sedimentation 

Constant 

Partial Specific 
Volume 

Molecular 

Weight 

Calculated 0 
Dimensions, A 

Albumin 

ai-globulin, Iipopro- 

4.6 1 

0.733 

69,000 

150 X 38 

tein ... 

5.0 

. 0.841 

200,000 

300 X 50 

aa-globulin 

9 

0.693 

(300,000) 


pi-globulin 

5.5 

0.725 

90,000 

190 X 37 


7 

0.74 

(150,000) 



20 

0.74 

(500,000 to 1,000,000) 


lipoprotein ... • | 

2.9 

0.950 

1,300,000 

185 x 185 

p 2 -globuIin 

7 

0.739 

! (150,000) 


y-globulin 

>» 

7.2 

10 


156,000 

(300,000) 

235 X 44 

i 


17 S and 20 S. A larger peak corresponds to the 
bulk of the globulin- with a sedimentation constant 
of about 7 S. A third peak corresponds to the 
albumin, and a fourth, that of the “ x-component,’ 
merges with the albumin peak. As the concen- 
tration of the serum rises the proportion of the 
protein in the form of the x-component rises. 
The reason for the relatively slow rate of sedi- 
mentation of this component is not the relative 
smallness of its molecules, but their low density, 
which is due to a high concentration of lipid 
(Pedersen, 1945). Pedersen considers that the 
x-protein is a complex formed by albumin, globu- 
lin, and lipid. It disappears when the lecithin of 
serum is broken down by the lecithinase of CL 
Welchii (Peterman, 1946). The lipoproteins of 
Table VI account for only about 5% of the total 
protein of serum, whereas the x-protein may 
amount to 50% or more of the total protein in 
undiluted sera. Blix and Pedersen (1947) think 
that the x-protein “ must in the main be composed 
of other fractions than the /3-lipoprotein.” The 
question then arises as to whether the fractions, 
isolated even by such gentle methods as electro- 
phoresis, are actually separate in serum. The 
globulin fractions with the sedimentation con- 
stants 5.0, 5.5, 9, and 10 S cannot be detected in 
the sedimentation patterns of whole serum. 

Immunology 

Antibodies. — Studies of the mobilities and 
molecular weights of antibodies are reviewed 
by Kabat (1943). In the rabbit sera that have 
been studied antibodies have been found in the 
y-globulin and have molecular weights of the 
same order (about 160,000) as that of the bulk of 
the y-globulin. In horse sera, antibodies may have 
the mobility of y-globulin, or mobilities ranging 
from that of the faster y-globulin (y r g!obulin) 


to that of the slower /3-globuli‘n (/3 2 -globulin) ; the 
T-fraction (Van der Scheer, Wyckoff and Clarke, 
1940) has a mobility between those of /3- and 
y-globulin. The molecular weights of the horse- 
serum antibodies to protein antigens are of the 
same order as that of the bulk of the y-globulin. 
Antibodies to polysaccharides (such as those of 
pneumococci) may have much higher molecular 
weights of the order of 900,000 or molecular 
weights intermediate between this and that of 
normal y-globulin. 

The fractions II — 1, 2, and 3 of human serum 
separated by Cohn’s methods, of which 9S% is 
y-globulin by electrophoretic standards, contain a 
large number of antibodies effective in diphtheria, 
influenza, mumps, whooping cough, scarlet fever, 
poliomyelitis, lymphocytic choriomeningitis, and 
against certain streptococci and vaccinia. Typhoid 
H-agglutinin is found mainly in fractions II — 1, 2, 
and 3; typhoid O-agglutinin and the _ isohaem- 
agglutinins in fraction III — 1 (Edsall, 1947). 
According to Deutsch et ah (1946) the isohaem- 
agglutinins and typhoid O-agglutinin are found 
mainly in their yj-globulin. The anti-syphilitic 
antibody also has a mobility between those of /?- 
and y-globulin according to Davies et ah (1945) ; 
Erickson et ah (1947) also placed most of the 
activity in the faster y-globulin, but found some 
activity in the slower ^-globulin. 

In the sera of human beings and monkeys anti- 
bodies to pneumococcal polysaccharides have 
molecular weights of about 160,000. However, 
haemagglutinins in rabbit sera (Paic, 1939) and 
the isohaemagglutinins of human sera (Pedersen, 
1946) have molecular weights of the order of 
1,000,000. The anti-syphilitic antibody, extracted 
from the floccules formed with Kahn antigen, 
had two components with sedimentation con- 
stants corresponding to molecular weights of 
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about 1,000,000 and 160,000; there was more' of 
the lighter component, but the heavier was more 
active serologically (Davis et a!., 1945). 

As already noted the concentration of y-globulin 
in the scrum of a new-born baby is rather higher 
than that in the mother's serum. The baby's 
serum also contains any antibodies present in 
the mother's scrum in about the same concentra- 
tion. On the other hand no antibodies can be 
detected in the sera, which contain little y-globulin, 
of newborn calves. Iambs, and foals. 

Generally it may be said that antibodies in 
human serum are found in the y-globulin or in 
a fraction with a mobility between those of /?- and 
y-globulin, and that the antibodies to all protein 
antigens, as far as is known, have molecular 
weights of the same order as that of the greater 
part of normal serum globulin. Boyd and Bernard 
(1937) suggested that all y-globulin may be anti- 
body of some sort. Kabat (1943) points out that the 
amount of antibody in the serum of non-immune 
persons is small. The largest amount, reported in 
a human being who had recently recovered from 
pneumonia, was about 1 mg. of antibody protein / 
ml. (Rabat, 1939) ; no antibody could be detected 
in the serum of the same person several months 
later. Absorption of antibodies with homologous 
streptococci from the serum of patients with rheu- 
matic fever, when the antistreptolysin O titre was 
raised, did not change the relative concentrations 
of the y-globulin or other serum fractions signifi- 
cantly (Dole, Watson, and Rothbard, 1945). When 
animals are immunized the serum globulin 
increases, but by no means all this increase is 
active antibody (Marrack, 1938). It is probable 
that a large proportion of the S mg. or so of 
y-globulin in 1 ml. of human serum is such inert 
globulin, which may be called “ reaction ” globulin. 

Serum Proteins as Antigens. — Rimington and 
van den Ende (1940), using the guinea-pig uterus 
technique, found no antigenic difference between 
the two forms of albumin that they prepared from 
ox serum and that the albumin, seroglycoid and 
seromucoid reacted as distinct antigens. The albu- 
min of human serum does not cross-react with 
other serum proteins. Chow (1947) has used anti- 
serum for estimating albumin in serum and* found 
concentrations which agreed with those obtained 
by electrophoresis at pH 8.4. The immunology 
of the seroglycoid and 'seromucoid of human 
serum has not been studied. 

The question arises whether the various com- 
ponents of any one of the three fractions, a-, /?-, 
and y-glohulin of human serum, are antigenically 
similar, although they differ in other properties. 


and ’whether proteins, similar antigenically, may 
occur in different electrophoretic fractions. 

The immunological method recently introduced 
by Oudin (1946) shows that horse serum contains 
at least eight distinct antigens ; it is not possible 
to recognize which are the antigens that are 
detected. It is possible that two of these are 
seroglycoid and seromucoid. This would leave 
albumin and five globulin antigens. In horse 
serum antigenic differences were found between 
the high-molecular weight antibodies to bacterial 
polysaccharides, diphtheria antitoxin, and a y- 
globulin of high molecular weight prepared from 
normal horse serum, all of which had the mobility 
of y-globulin ; /3-globulin formed some pre- 
cipitate with an antiserum to high-molecular- 
weight antibody (Treffers et at., 1941, 1942). On 
the other hand, in rabbit serum, which resembles 
human serum more than horse serum does, no 
antigenic differences were detected between normal 
y-globulin, antibody to egg-albumin, and anti- 
bodies to bacterial polysaccharides (Treffers and 
Heidelberger, 1941). 

Kendall (1937) prepared a fraction of human 
globulin by precipitation methods, and called it 
“ a-globulin,” but identified with the y-globulin of 
Tiselius. We have confirmed by electrophoresis 
in the Tiselius apparatus (Marrack, Johns, and 
Hoch, 1949) that this “ a-globulin ” is mainly y- 
globulin ; preparations usually contain less than 
6% of faster fractions. Kendall prepared anti- 
serum to his “ a-globulin.” After absorbing this 
antiserum with other globulin fractions he used it 
for estimating the amount of this fraction in serum 
by the quantitative precipitin method. The con- 
centrations he found were about double the 
amounts of y-globulin found by electrophoresis. 
Jager et at. (1948) made antisera by immunizing 
with y-globulin prepared by Cohn’s method and 
found similar high concentrations. However, 
they did not absorb their antisera with other 
globulin fractions. On the other hand, Kibrick 
and Blonstein (1948) immunized rabbits with 
y-globulin. free from other electrophoretic com- 
ponents ; the antisera were absorbed with albumin 
and with /?- and a-globulin. The estimates of 
y-globulin in human serum made with these 
antisera agreed with the estimates made by their 
method of fractionation with sodium sulphate, and 
these, again,* agreed with the estimates by 
electrophoresis. 

By Kendall’s methods small fraction only of 
the total y-globulin of serum is recovered as 
Kendall’s “ a-globulin.” We have found (Marrack, 
Johns, and Hoch, 1949) that y-globulin, separated 
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by electrophoresis, and Kendall’s a-globulin ” 
gave identical precipitation curves with some anti- 
sera to Kendall’s “ a-globulin.” Estimates, with 
these antisera, of the y-globulin in normal human 
serum agreed with estimates made from the electro- 
phoresis pattern. We, therefore, detected no anti- 
genic difference between different fractions of the 
y-globulin. However, estimates of y-globulin in 
normal serum made with other antisera to 
Kendall’s “ a-globulin ” were considerably higher 
than those found by electrophoresis. The type of 
reaction suggested a cross-reaction between anti- 
bodies to y-globulin and other globulin fractions 
rather than the presence in the antisera of anti- 
bodies to antigens other than y-globulin. In view 
of Kendall’s results and the cross-reaction which 
Treffers et aL (1942) found between horse /?- and 
y-globulins we are doubtful whether /?- and y- 
globulins can be regarded as antigenically com- 
pletely distinct. On the other hand, the C-reactive 
protein, mentioned later, has the mobility of a- 
globulin but is a distinct antigen. Members of the 
same electrophoretic fraction may therefore be 
antigenically different. 

Complement. — Four components are recognized 
in complement. CT (mid-piece) is heat labile and 


aL, 1941), and of the C'l, C'2 , and C'4 of human 
serum (Pillemcr et aL, 1943, Ecker et aL, 1945). It 
appears that C'2 and C'4 form a complex in 
guinea-pig serum, but not in human serum. If the 
electrophoretic fractions of guinea-pig serum are 
analogous to those of human serum, the CT is a /?- 
globulin and the C'2-C'4 complex an a-globulin. 
The C'l of human serum is a /?-globuIin, most of 
which has a sedimentation constant close to that 
of the greater part of the serum globulin. About 
half the protein in the fraction that contained C'2, 
isolated from human serum, was albumin ; the 
slower component in the fraction had a mobility 
close to that of /?- globulin. 

The two fractions, C'l and C'2-C'4, isolated 
from guinea-pig serum together made up about 
0.5 mg. /ml. of serum ; this is slightly more than 
the amount of protein that Heidelberger (1941) 
found was added to an immense precipitate when 
it absorbed complement from 1 ml. of guinea-pig 
serum. A high proportion of the protein in thes- 
preparations from guinea-pig- serum may, there- 
fore, be active complement. The amount of com- 
plement in human serum seems to be of the same 
order. Properties of the components of human 
and guinea-pig complement are given in Table VII. 


TABLE VII 


PROPERTIES OF COMPONENTS OF COMPLEMENT 


Subject 

Resistance to Heat 

Mobility 
(pH 7.7) 

S 

Polysaccharide 

(g./IOO ml.) 

Guinea-pig CT ... 

Heat labile 

2.9 X 10- 5 

6.4 

(major component) 

2.7 

C'2 ... 

Heat labile 

) 4,2 X 10- 6 


10.3 

C'4 ... 

Heat stable 



Human CT ... 

Heat labile 

2.9 X 10- 5 

6.9 

(major component) 


C'2 ... 

Heat labile 

2.6 X 1(H 


3 


insoluble in dilute salt solution (ionic strength 
below 0.1) at a pH of about 5.2. C'2 (end-piece), 
also heat labile, is distinguished from C'l as it 
does not become insoluble until the ionic strength 
is reduced to 0.01. C'3 is relatively Heat stable 

' and can be removed from serum by adsorption on 
a polysaccharide prepared from yeast and by other 
means. C'4 is heat stable and is destroyed by 
.mmonia and other amines that can combine with 
aldehyde groups. By fractional precipitation with 
ammonium sulphate and at a low pH and ionic 
strength, fractions have been isolated that contain 
a considerable proportion of the C'l and of the 
C'l-C'4 complex of guinea-pig serum (Pillemer et 


Isolated y-globulin is anti-complementary. The 
sera of a number of diseases (particularly malaria, 
leprosy, and kala azar) give false positive reactions 
with the Wassermann and other tests for syphilis. 
In most of these sera the concentration of y-globu- 
lin is abnormally high (Cooper et aL , 1946). Volkin 
et aL (1947) used the euglobulin, separated by dilu- 
tion and acidification, for these tests. They claim 
that crude albumin fractions from normal sera 
inhibit false positives and do not inhibit true reac- 
tions. More recently they (Volkin et aL, 1949) 
have ascribed this inhibitory action to a phos« 
pholipid contained in the albumin fraction. Kabat 
(1946) regards with suspicion such methods of dis- 
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linguishing true from false reactions. He thinks 
that the procedures inhibit weak and do not inhibit 
strong reactions, so that the effect is merely to 
distinguish between strong and weak reactions. 
We may compare the degree of inhibition by 
haptencs of precipitate formation with homologous 
and heterologous antigens. 

Physiological Properties 

The distribution of physiologically active or 
important substances in the fractions separated 
by the low-temperature-low-ionic-strength-low- 

dielectric-constant method is given in Table VIII. 
TABLE VIII 

CONSTITUENTS AND PROPERTIES OF FRACTIONS SEPARATED 
BY LOW-TEMPER ATURE-LOW-SALT-LOW-DIELECTRIC- 
CONSTANT FRACTIONATION METHOD 


Fraction 

Constituent 

Fractions 

Properties 

I 

Fibrinogen 

Anti-haemophilic 

globulin 


it - f m 

_y-globulin 
pt-globulin, j 

including I 

lipo-protein 

Numerous antibodies 
Carries cholesterol 

phospholipids 
vitamin A 
carotenoids 
steroid hormones 



complement, midpiece 
Prothrombin 


p 2 -globulin 

Typhoid O-agglutinin 
Iso-haemagglutinms 

TV— I 

aj-globulin, 

including 

lipo-protein 

Carries cholesterol 

phospholipids' 
some steroids 

TV— 4 

Pi-globulin, 
lipid free 

a 2 -globulin 

Thyreotropic hormone 
Idoprotein 

Metal-combining protein 
Carries bilirubin 

Serum esterase 
Hypertensinogen 

V 

Albumin 

«i-globulin 

Carries bilirubin 

* ? * t 


The components with the lowest and highest 
mobilities serve familiar purposes. The y-globulin 
contains antibodies. About 80% of the colloid 
osmotic pressure of serum is due to albumin, as it 
is present in the largest amount and has the lowest 
molecular weight. It is therefore essential for the 
maintenance of the plasma volume. Albumin has 
other special properties: It adsorbs a variety of 
substances which are little or not at all adsorbed 
by the globulin fractions other than a,- and a 
carbohydrate-rich fraction of the a 2 -globulin. The 


most familiar of these is bilirubin. Some bilirubin 
is also carried by the a and <r 2 -globuIin (Martin, 
1949), and Cohn (1948) states that a protein in 
the or-globulin fraction is the only one that carries 
the bilirubin that gives an indirect Van den Bergh 
reaction. A large number of other substances are 
adsorbed almost exclusively by serum albumin. 
For example, about 20% of phenol-sulphone- 
phthalein in serum is free ; the rest is adsorbed to 
albumin. The dye Evan’s blue (T-1824) used 
for estimating plasma volume is carried by the 
albumin. This is the basis of the method of esti- 
mating Evan’s blue devised by Morris (1944). 
Sulphanilamide and the sulphone drugs are 
adsorbed also. This adsorption must be taken 
into account in all comparisons of the concentra- 
tion of a substance in the plasma with its rate of 
excretion in the urine. When the concentration of 
the albumin in the plasma is lower than normal, 
it may be expected that an abnormally high pro- 
portion of an adsorbable substance will be free. 

A protein which has the special property of 
combining with metals has been crystallized 
(Koechlin, 1949). It has the mobility of 
globulin. and contains L8% of carbohydrate. Its 
molecular weight is 90,000 (S = 5.0). The complex 
formed with iron has a salmon red colour (Schade, 
1946) with maximum absorption at 465 mu. The 
amount of complex formed is measured by the 
light absorption at this wave length. At a 
pH above 6.5 1 g. of this protein will com- 
bine with 1.25 mg. of iron ; this is two atoms of 
iron per molecule of protein (Surgenor, Koechlin, 
and Strong, 1949). The protein also combines vrith 
copper and with zinc. The maximum amount of 
copper, 2 atoms per molecule, is bound near pH 
8.5. Below pH 8 iron will displace copper from 
the complex. Surgenor et al. estimate that 100 ml. 
of normal serum contains 0.24 g. of this protein, 
capable of binding 0.3 mg. of iron. This estimate 
agrees with the maximum binding capacity (0.315 
mg./ 100 ml.) found by Rath and Finch (1949). 

The anti-haem ophilic globulin can be precipi- 
tated from normal serum by dilution and acidifica- 
tion. The plasma of haemophilics clots in normal 
time when a solution of this globulin is added to it. 

The a- and (34 ip o proteins are particularly 
interesting. These proteins may serve merely as 
vehicles for lipids which are insoluble in water or 
they may have other functions. 

V. Serum Proteins in Disease 

Most of the changes of serum proteins, revealed 
by any method, except the immunological, are not 
specific. In most investigations the cases studied 
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have not been followed through the course of the 
disease and the changes found in the serum pro- 
teins have not been correlated with the clinical 
condition or with other chemical changes. Sur- 
veys of the investigations that have been made 
are apt to degenerate into a series of variations 
of ways of saying “ M.N. (194x) found the rela- 
tive concentration y-globulin raised in P. disease.” 

Unfortunately many authors report the relative 
concentrations of electrophoretic components with- 
out mentioning the total concentration of protein. 
The albumin concentration falls in most conditions 
in which protein concentrations are abnormal ; a 
rise in relative concentration of the globulin 
components may merely reflect this reduction of 
albumin. The changes that occur in disease can be 
grouped under the following headings : Response 
to infection or injury ; effects of deficiency of pro- 
tein ; changes due to excess of lipid in the serum ; 
changes associated with disease of the liver ; 
changes in the serum of patients with myelo- 
matosis. Examples of electrophoretic patterns in 
disease are given in Fig. 4 (pp. 188-191). 

Response to Injury and Infection. — The changes 
in the concentrations of albumin and globulin in 
serum provoked by bacterial toxins are illustrated 


acute infections are reduction of the albumin, with 
a rise in the a-globulin during the acute stage and 
a rise in the y-globulin continued during the later 
stages and convalescence. 

The most thorough studies of the electrophoretic 
changes in acute infections arc those of Dole and 
his colleagues, in which they made repeated exami- 
tions of the serum. They used barbiturate buffer 
at pH 8.6 and therefore separated aj-globulin from 
albumin. Unfortunately in two of their reports 
they gave relative concentrations only, displayed 
on charts. It is however possible to deduce the 
changes of absolute concentration when the 
changes of relative concentration are more 
extreme. In three cases of scarlet fever (Dole, 
Watson and Rothbard, 1945) in which arthritis 
did not occur, the ratio of albumin to total pro- 
tein fell and remained low for six or more weeks 
after the temperature had fallen to normal. The 
relative and absolute concentrations of «j-globulin 
were raised : in two of the cases the concentrations 
remained high for seven weeks after the onset. 
There was an absolute increase of the ^-globulin 
in two cases, highest in the first two weeks, and a 
moderate relative increase in a third. In two 
cases the relative concentration of y-globulin was 
moderately raised. In the third a purulent infec- 


TABLE IX 

CHANGES OF PLASMA PROTEINS AFTER INJECTION OF T.A.B. VACCINE. (LOUR AND LOHR, 1922) 


Before Injection 

Temperature 


Proteins (g./lOO ml.) 


Total 

Albumin 

Globulin 

Fibrinogen 

After first injection 
3^ hours 

o 

o 

o 

7.34 

4.94 

1.99 

0.41 

2 days 


7.48 

4.53 

2.48 

0.47 ‘ 

After second injection : 

102° 

7.04 

4.35 

2.10 

0.69 

2 days 


8.59 

4.18 

3.68 

0.73 

Before third injection 


8.57 

3.58 

3.96 

0.73 

After ,, ,, 

3J hours 

* 102° 

,, 

„ 

f , 

, , 

2 days 


8.56 

3.75 

4.08 

0.73 


by Lohr’s (1921) study of the effects of injection 
of T.A.B. vaccine (Table IX). The concentration 
of albumin fell and that of globulin rose. The 
changes did not reach their height during the first 
reaction and progressed as the injections were 
continued. Similar changes that have been found 
in various infections will be mentioned later. 

Electrophoretic Patterns in Acute Injections . — 
As far as any generalization is possible from the 
limited number of cases reported, it may be said 
that the changes in the electrophoretic patterns in 


tion of the right maxillary antrum and ethmoid 
sinuses was found at the end of the second week. 
At this time the temperature rose, and the relative 
concentration of y-globulin rose to about three 
times the normal level and the antistreptolysin 
O-titre to about 1,000. The infection of the, sinuses 
cleared up under treatment in two days. Th’c 
y-globulin and titre then sank but were still high 
about five weeks’ later. 

The concentrations after hours are the same 
as before injection. 
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In three cases (J.K., G.S., and F.H.) in which 
rheumatic fever followed scarlet fever the relative 
concentrations of a^globulin were raised in the 
early stages. In one case the absolute concen- 
tration was raised. Both relative and absolute 
concentrations of a = -globulin and y-globulin were 
raised and in two cases the relative concentration 
remained high throughout the 160 days during 
which the sera were studied. In two of the cases 
(J.K. and G.S.) a detectable increase of the relative 
concentration of a 2 -gIobuIin followed the cessa- 
tion of sulphadiazine therapy and preceded a rise 
of temperature and the onset of pains in the joints 
in the fourth and fifth weeks. In the serum of 
G.S. the relative a,-globulin also rose. In the 
serum of J.K., who had a purulent nasal discharge 
from the seventh to the eighteenth day, the rela- 
tive y-globulin rose to about three times the nor- 
mal and at the same time "the antistreptolysin 
O-titre rose to over 2,000. The titre then fell, 
though less rapidly than the relative y-globulin con- 
centration. In the other two cases the titre was 
low. It is an interesting point that patient J.K. 
had a large boil on the leg in the eleventh week. 
The white blood count then rose and the tempera- 
ture and erythrocyte sedimentation rate rose 
slightly, but no change of the serum proteins was 
detected except a doubtful increase of the relative 
concentration of a^globulin. In these eases the 
relative concentration of /3-globulin was low or 
little changed. 

In a case of typhus fever (Dole et al., 1947) the 
first sample of blood was taken on the fifth day 
of illness before the rash appeared and before 
the Weil-Felix reaction was positive. The main 
changes were those of the albumin and y-globulin. 
The total protein was low in this sample, remained 
low for about three weeks and then rose above 
normal to about 8.5 g./lOO ml. The absolute con- 
centration of albumin was low throughout the 
seven weeks during which the serum was examined. 
The a^-globulin rose slightly at the end of the 
second week. The a 2 - was high from the start and 
stayed high throughout. \ The relative y-globulin 
was over twice the normal average in the first 
sample of serum, rose to well over three times the 
normal and was still three times the normal at 
the end of seven weeks. Since the total protein 
rose the absolute concentration must have risen 
to about four times the normal average. In the 
cases of scarlet fever and rheumatic fever there 
was some evidence of a relation between the 
presence of specific antibodies and the rise of 
y-globulin. In this case the y-globulin was over 


double the normal average before specific anti- 
bodies were detected. 

In most other studies by electrophoresis the pH 
has been under 8.0. The c^-globulin has, there- 
fore, not been separated from the albumin. In 
their early studies Longsworth et al. (1939) called 
attention to the increase in a-globulin in the early 
stages of disease. Blix (1939) found that the 
absolute concentration of a-globulin was raised 
in six out of seven cases of pneumonia apd 
remained high after lysis. The highest figures 
were about three times the normal level given by 
Blix. The y-globulin was not appreciably raised 
except in one case, and this patient died. Luetscher 
(1941) also found the a-globulin raised to about 
twice the normal in one of two cases of pneumonia. 

Rutstein and others (1945) found that the abso- 
lute and relative concentrations of y-globulin were 
increased in cases of rheumatic fever both during 
attacks and during quiescent periods. The a - 
globulin was increased less constantly. In two 
cases, examined during an acute attack, both a-- 
and y-globulin were about double the normal. 
In 12 cases of rheumatic fever Malmros and Blix 
(1946) found that the a-globulin w r as over 0.8 g./ 
100 ml. in all cases at the first time of examination. 
The ^-globulin w'as normal. The y-globulin was 
increased in all, the maximum being 3.4 g./lOO ml. 
The same authors found that the a-globulin was 
raised up to 0.7 to 1.0 g./lOO ml. in cases of 
tonsillitis, and the increase persisted after the 
attack subsided. The absolute concentration of 
y-globulin was appreciably raised in one of four 
cases during the attack and in all but one case 
after the attack. 

In malaria transmitted by mosquitoes the liver 
is invaded by the malarial parasites at the begin- 
ning of the infection (Shortt et al., 1948), and 
there is considerable evidence of liver damage in 
glandular fever. The changes found in the acute 
stages of these diseases may be, in part, due to 
impairment of the functions of the liver. During 
the febrile stage of malaria artificially induced in 
three cases, the albumin fell in all three to 3.3 g ./ 
100 ml. or less. The a 2 -globulin also fell to about 
three-quarters of its previous level and the y- 
globulin rose (Guttman et al., 1945). The reduc- 
tion of the a 2 -globulin may have been due to the 
reduction of cholesterol that occurred in these sera 
during the attacks. Dole and Emerson (1945) 
studied the proteins in the serum of eight patients 
suffering from relapsing malaria in which P . vivax 
was found in the blood. The relation of the time 
of taking the blood to the attacks is not reported! 
The concentration of albumin was somewhat low. 
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and the « A - and y-globulin moderately raised in 
three out of six cases. In a patient who had suf- 
fered from severe malaria due to P. falciparum 
for three weeks the concentrations of total pro- 
tein and albumin were very low (3.64 and 
•1.5 g./ 100 ml), the a^-globulin was normal and 
a 2 -, /?-, and y-globulin reduced. 

• In glandular fever Cohn and Lidman (1946) 
found that the albumin was not changed. The 
« 2 -globulin was moderately raised in four out of 
seven cases, and the y-globulin was raised in all 
and over double the normal in one case. As bili- 
rubin was detected in the urine of all these patients 
and the amount of bromsulphthalein retained in 
the blood after 30 minutes was abnormally high, 


In the sera of three cases of advanced leprosy 
examined by Seibert and -Nelson (1943) the a- 
globulin was moderately raised arid the y-globulin 
raised to 2.0, 2.8, and 3.45 g./lOO ml. 

Benditt and Walker (1948) examined the sera of 
syphilitic patients. Out of 15 cases, at all stages, the 
concentration of albumin was at the lower limit 
of normal or below normal in all but two. Of 
the globulin fractions, aj-globulin was little 
changed except in one case, a 2 -globulin was slightly 
raised, jS-globulin was normal, and y-globulin was 
above the normal means given by these authors in 
all cases. However,- none of the globulin fractions 
were above the normal range given by Seibert 
el aL , except that the y-globulin was 2.09 g./ 100 ml. 


TABLE X 

MEAN CONCENTRATIONS OF PROTEINS (g./lOO ml.) IN SERA OF PATIENTS WITH TUBERCULOSIS AND OTHER 

DISEASES (SEIBERT ET AL 1947) 



Number 

Polysaccharide 

Total 

Albumin 


Globulin 




(mg./lOO ml.) 

Protein 

« i 

a* 

p • 

Y 

Normal 

43 

103 

7.29 

3.88 

0.58 

0.76 

1.01 

1.05 

Tuberculosis (o) 

20 

109 

7.27 

3.62 

0.56 

0.78 

1.00 

1.30 

Tuberculosis (b) 

22 

136 

7.67 

3.32 

0.64 

0.92 

1.15 

1.65 

Tuberculosis (c) 

26 

159 

7.63 

2.69 

0.78 

1.21 

1.19 

1.76 

Tuberculosis ( d ) 

21 

109 

7.17 

3.71 

0.59 

0.81 

1.00 

1.06. 

Tuberculosis (e) 

13 

112 

7.20 

3.54 

0.62 

0.S4 

1.11 

1.0S 

Sarcoidosis . . , 

11 

128 

7.88 

3.10 

0.61 

0.85 

L26 

2.06 

Carcinoma ... 

23 

145 

6.66 

2.80 

0.66 

1.09 

1.09 

1;03 

Diabetes 
Diabetes with 

' 6 

115 

7.16 

| 

3.65 

i 

0.50 

0.S1 

1.23 

0.98 

tuberculosis 

6 

166 

6.82 ! 

2,11 

0.74 

1,03 

1.33 

1.62 


(a) Active minimal pulmonary lesions. (6) Active, moderately advanced pulmonary tuberculosis, 
(cj Active, far advanced pulmonary tuberculosis, (d) Minimal pulmonary tuberculosis of questionable 
clinical significance, (e) Moderately advanced pulmonary tuberculosis of questionable clinical significance. 


it may be inferred that the functions of their 
livers were impaired. 

Electrophoretic Patterns in Chronic Infections . 
— Seibert et al. (1942, 1949) have made thorough 
studies of the relation of changes in serum^pro- 
teins to the stage of tuberculosis (Table X). They 
found a wide spread in the values found both in 
normal subjects and in patients. The albumin 
might be as low as 3.4 g./lOO ml. in normal sub- 
jects ; in the severest group, c (Table X), it 
ranged from 1.6 to 3.4. The range of y-globulin 
in normals was 0.59 to 1.46 g./lOO ml.; in 
Group c from 0.97 to 3.28. Seibert et al (1947) 
discussed the significance of the deviations from 
the standard means. The variations from the nor- 
mal of the mean concentrations of aj-globulin, 
y-globulin, and of albumin and a 2 -globulin par- 
ticularly in Group c were highly significant. 


in one primary case and 1.47 and 1.80 in two 
secondary cases. Cooper, Craig, and Beard (1946) 
found rather larger changes in the y- and a A - 
globulins with no significant change in the a 2 - and 
/^-globulins. Cooper (1945) found the mean y* 
globulin was doubled and the a- and ^-globulins 
nearly doubled. 

The great increase of total globulin in the serum 
of 'patients with lymphogranuloma venereum has 
been studied extensively by precipitation methods, 
but few electrophoretic studies have been made. 
Xabat, Moore, and Landow (1942) found that the 
y-globulin made up 34 and 3S%* of the total serum 
protein in two cases. In one case mentioned by 
Gutman (1948) the concentration of albumin was 
3.25 and that of y-globulin, 5.1 g./lOO ml. 

A number of investigators have found that the 
total protein and globulin are very high in the 
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scrum of kala azar patients and fall as the con- 
dition improves. Cooper. Rein, and Beard (1946) 
examined the sera of two patients. In the serum 
of one, who was clinically ill, the total protein 
was 12.1 g./ 100 mL, the y-globulin 7.76, and the 
albumin 2.62 g./ 100 ml. In the other ease the 
total protein had been 8.9 g./lOO ml. with 4.3 g ./ 
100 ml. of y-globulin. After improvement the y- 
globulin was still 2.46. although the albumin had 
gone up to 4.35. In this disease, even more than 
in malaria and glandular fever, it is probable that 
the changes in the serum proteins are due both to 
infection and to lesions of the liver. In the first 
serum examined by Cooper et al. and in our case 
(Fig. 4.H) the mobility of the y-globulin was slow. 
Cooper et al. consider that this y-globulin may 
differ from that found in excess in the serum in 
other infections and in diseases of the liver. Their 
serum did not give a positive formol-gel test, but 
the serum of our case (Fig. 4.H) gave the strongly 
positive reaction usual in kala azar sera. 

Striking changes are found in some diseases of 
obscure origin which may be regarded as second- 
ary responses to some chronic infection. In sar- 
coidosis, proved by biopsy, Fisher and Davis (1942) 
found that the albumin was low in active cases 
and the y-globulin over 2.0 and might rise to 
3.8 g./lOO ml. In the 11 cases studied by Seibert 
et al., included in Table X, the albumin was low. 
The a-globulins were, at most, little raised in sar- 
coidosis whereas the average y-globulin was 
higher than in active, far advanced pulmonary 
tuberculosis. The small and scattered sarcoid 
lesions found in the liver (Scadding and Sherlock, 
1948) are not likely to affect the electrophoretic 
pattern. .Seibert et al. (1947) suggest that the dif- 
ference in electrophoretic pattern may be of value 
in diagnosis. But it is rather doubtful whether 
the pattern would be of much use owing to the 
wide spread of the values found in the two diseases. 
* . ^ ^ vo sera f rom cases of lupus erythematosus, 
in which the total globulin was high, Cobum and 
Moore (1943) found that 22 and 46% of the 
protein was y-globulin. The albumin was low 
and the a- and /3-globulins normal. They found 
that the y-globulin might still be high after clini- 
cal recovery. This may be due to damage to the 
liver as there may be some infiltration and 
increase of fibrous tissue in the liver. 

Lovgren (1945) reported the distribution in the 
serum of patients with rheumatoid arthritis. In 
some of these the y-globulin was over 33% of the 
total protein. In most of the cases the albumin 
was little reduced and the a- and ^-globulins were 
normal. Malmros and Blix (1946) included seven 


cases diagnosed as rheumatoid arthritis. In three 
of these the y-globulin was 3.0, 3.1, and 3.1 g./ 
100 ml. respectively. One of these patient’s had 
acute myocarditis and pleurisy, and a second an 
endocrine disorder. Dole and Rothbard (1947) 
followed up a case for eight months during which 
time the patient’s condition improved considerably. 
Tlie albumin was moderately reduced. Absolute 
concentrations of a t - r a 2 -, and y-globulins were 
raised compared with Dole’s normals (y-globulin 
to about 1.5 g./lOO ml.), but the albumin rose 
and the a„-globulin fell to normal at the end of 
eight months. The a^-globulin and y-globulin 
remained high. In one serum, which we examined 
because it gave a strong thymol-turbidity reaction, 
the concentrations were albumin 3.2, a-globulin 
1.0, /3-globulin 1.1, and y-globulin 3.9 g./lOO ml. 

Malmros and Blix (1946) examined the sera of 
nine cases of erythema nodosum. Two were 
classed as tuberculous and the remaining seven as 
rheumatic. The albumin was low’ in all. In four 
cases the y-globulin was over 2, and in seven 
the a-globulin was over 0.7 g./lOO ml. : maximum 
figures, y-globulin 4.0,and a-globulin 1.3 g./lOO ml. 

The occurrence of an increase of a-globulin in 
the early stages of acute infections and in the 
more active stages of chronic infections suggests 
that this increase is a response to the destruction 
of tissue. Cuthbertson and Tompsett (1935) found 
that the serum globulin rose to high levels after 
fractures of bones of the leg. The highest figures 
were found in the first w 7 eek after the injury. At 
the same time the albumin fell. In one case 
manipulation under an anaesthetic was foIlow T ed 
by an increase of the globulin to 9 g./lOO ml. 
Shedlovsky and Scudder (1942) found no increase 
of globulin in the serum of one patient three 
days after his tibia and fibula were broken. In 
another case the total globulin was 3.0 g./lOO ml. 
two days after fracture of a femur, and both a- 
and /3-globulin were moderately ' high. On the 
other hand Chambers and Gjessing (1946) found 
that the a x - and a,-globulin in the serum of a 
dog W'ere doubled in the first week after one tibia 
had been broken under an anaesthetic. Bums, 
subcutaneous injection of turpentine to produce a 
sterile abscess, and injection of bis (/3-chloro ethyl)* 
sulphide (Gjessing and Chambers, 1946) were all 
followed by an increase of a x - and a„-globulin. 
Perlmann, Glenn, and Kauffman (1943) did not 
find a significant change in the a-globulin in the 
serum of calves that had been severely burned. 
We (May and Hoch, 1949) examined the serum of 
a patient before and after his spleen was irradiated. 
Although the size of the spleen was very much 
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reduced in a few days, the serum proteins did not 
change except for a slight rise of the a-globulin 
(Fig. 4). Peterman, Karnofsky, and Hogness 
(1949) found no significant change in the electro- 
phoretic patterns of the serum of patients with 
Hodgkin’s disease and leukaemia after treatment 
with nitrogen mustards, methyl-bis (/3-chloroethyl) 
amine hydrochloride and tris (/J-ckloroethyl) 
amine hydrochloride, although these reagents 
destroy lymphoid and haematopoietic tissue and, 
occasionally, tumour tissue. In view of the 
changes found in various other diseases not neces- 
sarily associated with destruction of tissue, it is 
doubtful whether an increase of a-globulin can 
be regarded as evidence of any special process. 

Protein Patterns by Precipitation Methods . — 
The maximum amount by which concentrations 
of the a x - and a 2 -globulins increase are of the 
order of 0.4 and 6.8 g./100 ml., and some of the 
a-globulin is left in solution with albumin. 
Increase of the a-globulins, alone, will not produce 
a great increase in the total globulin. Since the 
albumin concentration's almost always reduced, 
increase of the a-globulin, alone, will not pro- 
duce an increase of the total protein. An increase 
of globulin is mainly due to increase of y-globulin. 
A great increase of globulin and an increase of 
total proteins are evidence of an increase of y- 
globulin, with or without increase of a-globulin. 

Although the albumin estimated by the usual 
precipitation methods, such as by half saturation 
with ammonium sulphate or by Howe’s method, 
exceeds that estimated by electrophoresis, the two 
estimates usually vary in the same direction. Thus 
Dole (1944) found that the albumin /globulin ratio 
found by Howe’s method was about 1.5 times 
that found by electrophoresis both in normal sera 
and in sera from ill persons, including that of the 
typhus fever patient he studied. 

It is usually found that the total globulin, esti- 
mated by salting out methods, rises during acute 
infection. Malmros and Blix (1946) used both 
salting out and electrophoresis in 25 sera of 
patients with rheumatic fever and tonsillitis. In 
five cases the increase shown by electrophoresis 
was missed by the salting out method. Moen and 
Reimann (1933) found that the globulin (Howe’s 
method) of the serum of pneumonia patients might 
be appreciably Taised oh the second day of fever ; 
but the highest figure found was on the tenth day 
of the disease. The albumin fell in all cases, so 
that the total protein was low. On the thirtieth 
and forty-eighth days, during convalescence, the 
globulin might still be over 3 g./ 100 ml. and the 


albumin still low. Stacey (1947) also found this 
persistence of an increase in the globulin after the 
acute stage. The globulin in the serum of a patient 
who had had an appendix abscess was still high 
after the appendix had been drained for 20 days. 

As a patient’s clinical condition improves, the 
albumin rises and the globulin falls. Thus the 
albumin rose from 3.9 to 5.6 and the globulin fell 
from 7.2 to 2.6 g./lOO ml. in the serum of a 
tuberculous patient as the condition improved, 
although, in another case, the albumin fell from 

5.4 to 5.1, with a coincident fall of globulin from 

3.4 to 2.6 when the patient improved and gained 
15.5 lb. in weight (Eichelberger and McCIuskey, 
1927). In rheumatoid arthritis Davis (1935-6) 
found that the globulin (Howe’s method) fell from 
3.9 to 3.0 with improvement in a severe case and' 
rose again to 4.0 as the patient relapsed, and in 
another less severe case fell from 3.1 to. 2.0 when 
the patient recovered. However, in another severe 
case the globulin, as well as the albumin, rose 
although the patient felt better and had gained 
7 lb. in weight. 

When patients with lymphogranuloma venereum 
were treated with sulphanilamide the albumin rose 
and the globulin fell ; thus in one case the con- 
centrations of proteins before and on the seventh 
and 212th days after treatment began were: 
Albumin, 1.86, 3.37, 3.75, and globulin, 5.S7, 
4.28, 2.60 g./lOO ml. (Schamberg, 1941). 

In those conditions in which the increase of 
y-globulin is highest, namely, typhus fever (Tierney 
and Yeomans, 1946), lymphogranuloma venereum 
(Schamberg, 1941), leprosy (Frazier and Wu, 1925), 
sarcoidosis (Fisher and Davies, 1942), kala azar 
(Ling, 1930), and some cases of rheumatoid 
arthritis (Davis, 1935-6), the total globulin, 
measured by salting out methods is very much 
increased. In typhus fever the globulin may 
be high on the fifth day after onset, before the 
rash appears and before the Weil-Felix reaction 
becomes positive (Tierney and Yeomans, 1946) ; 
it rises to high levels (over 4 g./lOO ml.) and 
remains high for five weeks after the tempera- 
ture has fallen. These changes are comparable 
to the changes of y-globulin found by Dole, 
Yeomans, and Tierney (1947). 

The y-globulin is mainly precipitated in Howe’s 
euglobulin and pseudo-globulin I ; these two Fac- 
tions may be taken together. The a-globulins are 
included in the Howe’s pseudo-globulin- II and 
albumin fractions. (The normal distribution found 
by Howe’s method is given in Table II.) Moen 
and Reimann (1933) found that the pseudo- 
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globulin II was raised in some eases of pneumonia 
in cariv stages, but the cu- -f pseudo-globulin I 
was also raised and this fraction alone was raised 
in the later stages. In the subacute and chronic 
infective diseases the increase is almost always 
confined to the cu- pseudo-globulin I fraction. 
Gutman and colleagues (1941) present a table that 
includes eases of lymphogranuloma venereum, 
sarcoid, lupus erythematosus, leprosy, and tuber- 
culous adenitis in which this fraction was increased. 
Other examples arc kala azar (Ling, 1930), and 
lupus erythematosus (Coburn and Moore, 1943). 
In rheumatoid arthritis the main change is in this 
fraction although the pseudo-globulin II may also 
be increased to an average level of 0.68 g./lOO ml. 
in severe cases (Davis, 1935-6). 

O flier Protein Changes . — A protein, the" C- 
reactive protein, has been detected in the serum 
of patients suffering from acute infectious diseases, 
and has the characteristic of forming a precipitate 
with the somatic C-polysaccharide of pneumo- 
cocci, The reaction differs from an ordinary pre- 
cipitin reaction in that no precipitate is formed 
unless calcium ions are present in the solution 
(Abemethy and Avery, 1941). The presence of 
this protein in the serum is not characteristic of 
any particular infection. Strong reactions with 
the polysaccharide have been found in the. serum 
of patients suffering from lobar pneumonia, other 
infections of the respiratory tract, miscellaneous 
purulent infections, septicaemia, Still’s disease, 
typhoid fever, coli pyelitis, rheumatic fever, and 
tuberculosis (Ash, 1933). This protein was found 
in the sera of patients with rheumatoid arthritis 
by Dole, and Rothbard (1947) and Wallis (1946) 
have reported finding it in other cases. The 
reactions that Wallis founds were weak. We 
examined a number of sera and found only one 
that reacted strongly with the polysaccharide. The 
C-reactive protein is precipitated by ammonium 
sulphate between 50 and 75 saturation ; it appears 
to be an ctj-globulm (Perlmann et al., 1943). It 
has been crystallized (McCarty, 1947). As an 
antigen it is different from other serum proteins. 
The amount of precipitate formed on mixing sera 
of patients with antisera to the C-reactive protein, 
suggests that the amount in. these sera may be of 
the order of 0.1 g./lOO ml. It contributes towards 
the increase of a 1 -globulin found in acute infec- 
tions, just as the true antibodies contribute to the 
increase of the y-globulin. 

Blix, Tiselius, and Svensson (1941) noted the 
large amount of polysaccharide in the protein frac- 
tions of the serum of a patient with pneumonia. 


Table V. The largest amount was in the a-globu- 
lin. Seibert et al. in their analysis on the sera of 
patients with tuberculosis and carcinoma found 
that the polysaccharide content of the serum rose 
with the av-globulin and was not correlated with 
y-globuHn and albumin. 

Cartwright and Wintrobe (1949) have found that 
the iron-binding capacity of serum, which is a 
measure of the concentration of the metal- 
binding protein, may be low or very low in the 
serum of patients suffering from infections and 
rise rapidly on recovery. The iron-binding capa- 
city of the serum falls on the day of injection of 
typhoid vaccine and rises again on the following 
day. This reduction of iron-binding capacity is 
not the cause of the low concentration of serum 
iron and the anaemia of infections, as the metal- 
binding protein was less saturated than it normally 
is. 

Effects of Deficiency of Protein. — Ancel Keys 
et al (1946) found that the average serum 
proteins of a group of young men who lived 
for months on a diet that supplied little protein 
and insufficient calories feft by only 0.73 g./ 100 ml. 
The electrophoretic patterns were practically un- 
changed. These subjects lost much of their body 
protein and became oedematous, with a great 
increase in the extracellular water. Their condi- 
tion resembled that found in famine oedema. In 
a large number of cases of famine oedema the 
serum albumin is much reduced.? However, in 
recent investigations, for example, Sinclair (1948) it 
has been found that the serum albumin is about 
normal in a large proportion of cases of famine 
oedema. It seems that oedema may be due to 
some additional cause as well as to the reduction 
of the serum albumin, and that some other factor 
besides loss of body proteins is involved when the 
albumin in the serum is reduced. Rytand (1942) 
studied a patient who had had recurrent oedema 
with low serum proteins for some years. There 
were no albumin or casts in the urine. The serum 
protein varied between 3.0 and 4.7 g./lOO ml. 
The electrophoretic pattern w T as: albumin 2.83, 
ft-globuhn 0.27, /2-globulin 0.70, and y-globulin 
0.69 g./lOO ml. In this case the diet was adequate 
and the defects seems to have lain in the synthesis 
of serum protein. In another case of recurrent 
oedema (Schick and Greenbaum, 1945), when the 
serum albumin was 3.3 and the globulin 0.8 g./ 
100 ml., no peak corresponding to y-globulin was 


*A list of investigations is given in Recommendations 
with regard to Methods of Investigation of Nutrition, 
(1945), issued by the Nutrition Society'. 
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seen. In this case the Schick and Dick tests were 
negative, so that the serum contained some anti- 
bodies, but the association of antibodies with y- 
globulin was shown, as no agglutinins to typhoid 
bacilli and whooping-cough antibodies were formed 
in response to injection of vaccines. In a third 
case, a girl whose diet had been poor, the albumin 
was 2.0 and the globulin 1.1 g./lOO ml. when the 
patient was first seen (Krebs, 1946). Later the 
electrophoretic pattern was: albumin 1.81, «- 
globulin 0.49, /J-globulin 0.46, and y-globulin 0.16. 
After two injections of typhoid vaccine no 
agglutinins were detected. The patient was given 
a high protein diet, and the albumin and y-globulin 
rose to 2.54 and 0.68 g./lOO ml. Deficiency of 
protein may therefore in some cases lead to reduc- 
tion of y-globulin as well as to reduction of 
albumin. For other examples see cases F and G 
(Fig. 4). 

The great reduction of protein in the serum of 
patients with kidney disease and gross oedema 
was noted by Bright. Since Epstein (1917) attri- 
buted the gross oedema of nephrosis to reduction 
of the osmotic pressure of the serum proteins a 
very large number of observations have been 
made. These have confirmed the close associa- 
tion of gross oedema with reduction of the serum 
albumin, although other factors are certainly 
involved in causing oedema. The electrophoretic 
patterns found will be discussed in the section 
dealing with lipaemia. It has been suggested that 
the serum proteins in this condition may be abnor- 
mal. These apparent abnormalities are due to the 
use of impure fractions for study. Alving and 
Mirsky (1936) found in the plasma of nephrotic 
patients that the albumin fraction, that is, the 
protein not precipitated by half saturation with 
ammonium sulphate, had an abnormally low con- 
tent of cystine. However, Brand et al . (quoted 
by Edsall, 1947) have found that certain a-globulins 
contain relatively little cystine, ^-globulin makes 
up a* relatively large proportion of the so-called 
albumin fraction, when the albumin concentration 
is low, and this a-globulin accounts for these low 
cystine contents. The results obtained by Goettsch 
and Reeves (1936) and Goettsch and Lyttle (1940) 
using immunological methods can be explained by 
a quantitative change in the .serum protein frac- 
tions. The preparations, used by Bourdillon (1939) 
for estimating the osmotic pressure of the albumin 
in the serum of nephrotic patients, certainly con- 
tained globulin which accounts for the low osmotic 
pressures. Other investigations (Hewitt, 1927, 
1929 : Widdowson, 1933) have detected no differ- 
ence between the albumin of serum and urine. 


Deficiency of protein is probably one of the fac- 
tors that cause reduction of the concentration of 
serum proteins and changes in the electrophoretic 
patterns in a number of diseases. Seibert et al. 
(1947) found that the mean concentration of the 
serum albumin of 23 patients with carcinoma was 
2.8 g./ 100 ml. The « 2 -gIobulin was moderately 
raised ; this might be in response to destruc- 
tion of tissue. If cases which had metastases in 
the liver with jaundice were excluded, the mean 
y-globulin was low. In most cases the y-globulin 
peak was much flattened. Low serum albumin 
was found in two out of three cases of carcinoma 
(without secondaries in the liver) by Luetscher 
(1941), and in one of these the y-globulin was low. 

The albumin is particularly low in the serum of 
patients with carcinoma of the stomach (Abels 
et al . , 1942). Peterman and Hogness (1948) exam- 
ining the serum of 25 patients with carcinoma of 
the stomach found that the albumin was under 
3 g./lOO ml. in all of them. The aj-globulin was 
in the upper range or above the range of normal 
found by these authors, but little raised as com- 
pared with the normals of Seibert et al. The 
a, -globulin was slightly raised, but the y-globulin 
was not low either in cases without or in cases 
with metastases. In these cases the ^-globulin 
fell on treatment with protein hydrolysates, but 
the albumin did nor rise although the nitrogen 
balance was positive. Even after the primary 
tumours had been removed and the patients, with 
no obvious metastases, had eaten a normal diet 
for two months, the serum albumin was still under 
3.6 g./lOO ml. Peterman and Hogness also found 
that the serum albumin was low in six cases of 
gastric ulcer. 

Lipaemia. — The proteins to which lipids are 
attached are in the a- and /?-globulins. It is there- 
fore to be expected that when the amount of lipid 
in the serum is raised the a- and ^-globulins will 
be raised. Lewis, Schneider, and McCullagh 
(1944) found the ^-globulin high in untreated 
diabetes mellitus, a 'condition in which the lipids 
of the plasma are high, but on treatment the 
/^-globulin fell to normal. Longsworth et al 
(1945) point out that the sum of a- and /?- 
globulin is higher than normal in the plasma of 
women immediately after childbirth and that in 
the plasma of blood taken from the umbilical cord 
this sum is lower than normal ; the concentration 
of total lipids of plasma at the end of pregnancy 
is nearly 150% and in cord blood only about 30% 
of the concentration in the plasma of normal 
adults. In hypothyroidism the cholesterol in the 
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plasma is increased and the /2-globulin is high 
(Lewis and McCullagh, 1944). 

In their early studies Longsworth et til. (1939) 
found that not only was the concentration of 
albumin in scrum in nephrosis even lower than 
had been found by salt fractionation, but also that 
the concentrations of a- and /2-globulins were 
increased. These observations have been con- 
firmed by Longsworth and Mclnncs (1940), 
Luetscher (1940), and Malmros and Blix (1946). 
Thorn et oL (1945) made their electrophoresis runs 
at -pH 8.6 and found that the a 1 -globulin and 
y-globulifi were low. The increase of absolute 
concentrations of a,- and /2-globulin are less 
striking than those of the relative concentrations. 
Thus in the serum of a patient with gross oedema 


may be little raised although the total pro- 
tein is low and the concentration of cholesterol 
in the serum is moderately raised. These patients 
are continually losing protein in the. urine in 
amounts up to 20 g. and more daily. If they lose 
their oedema they are found to be much wasted. 
It is reasonable to suppose that the changes found 
in the serum are a combination of changes due 
to loss of protein and to lipaemia, and are not a 
change peculiar to nephrosis. Extreme changes 
may be found as soon as one month after the 
appearance of oedema, as in case W.H. of 
Table XI. 

As abnormally large amounts of lipids are asso- 
ciated with protein in the complexes that give rise 
to the a- and /2- peaks, the globulin is overestimated 


TABLE XI 

RELATION BETWEEN "EDEMA, CHOLESTEROL, AND PROTEIN COMPONENTS (g./lOD ml.) IN NEPHROTIC PL\>SU 

(THORN et al . , 1945) 


Case 

Oedema 

Chol- 

esterol 

(g./100 

ml.) 

Total 

Protein 

(g./IOO 

ml.) 

Albumin 
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2 
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? 

7 
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R 
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R 

A 

R 

A 

R 

A 

R 

i 

’ A 

J.R. 


msm 

2.8 

7 

0.19 

n 

0.11 

42 

1.18 

28 

0.78 

16 

0.45 

3 

liTikl 

L.I. 

+ ++ 

■Bui 

3.8 

17 

0.65 

n 

0.19 

36 

1.37 

22 

0.84 

16 

0.62 

4 

0.15 

W.H. 

-f-f-f- i 


4.1 ! 

17 

0.70 

mm 

0.205 

21 

|iM«l 

38 

1.56 

15 

0.62 

4 

0.16 

P.S. 

H- + + 

1.00 

ni 

26 

1.38 


0.42 

22 

1.16 

1M 

1.59 

9 

0.47 

5 

0.26 

K.N. ! 

+. ! 

0.43 

■1 

37 

2.06 

U 

0.33 

15 

0.84 

22 

1.23 

12 

0.67 

8 

0.45 
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R 

A 






E.B. 

-r 

0.88 

4.1 

46 

1.88 

Kfl 

0.16 


34 

1.4 


13 


3 

0.12 

R.S. Serum 

± - 

0.34 

5.6 

32 

1.79 

5 

0.28 

20 

1.12 

23 

1.28 



i 20 

l 

1.12 


R* Relative concentration as percentage of total protein. Af Concentration in g./100 ml. 


the tt 2 -globulin made up 42% and the /2-globulin 
28% of the total protein, .but the absolute con- 
centration of a-globulin was only twice the 
normal and that of /2-globulin was under the 
average normal. 

The concentrations of cholesterol, phosphatides, 
and neutral fat in the serum are much increased 
in nephrosis (see case illustrated in Fig. 4J.), 
but the concentration of any lipids in sera which 
have been examined by electrophoresis have rarely 
been reported. The relation to concentration of 
cholesterol is well illustrated by the data given in 
Table XI. Longsworth and Maclnnes (1940) and 
later Blix and Pedersen (1947) have shown that 
the a- and /2-globulins of nephrotic sera are much 
reduced by extraction of the lipids ; extraction of 
normal sera has little effect. Longsworth and 
Mclnnes found that the concentration of /2-globu- 
lin in a nephrotic serum, after extraction with 
ether, was below the normal average. As the case 
illustrated in Fig. 4A shows, the <z- and /2-globulin 


when concentrations are calculated from the elec- 
trophoretic pattern, and, in consequence, the 
albumin is underestimated. Also albumin makes 
up an abnormally low proportion of the protein 
left in solution after precipitation by half-satura- 
tion with ammonium sulphate or by Howe’s 
method. The discrepancy between the amounts 
of albumin found by electrophoresis and by salt 
fractionation is much greater in nephrotic sera 
than in other sera. However, neither albumin is 
the true albumin, in the sense of being free from 
associated globulin or lipid. 

In the urine the albumin, as it has the lowest 
molecular weight, makes up a very much larger 
proportion of the total protein than in the serum. 
However, Luetscher (1940) found a considerable 
amount of -/-globulin in the urine of a patient with 
amyloid disease. From the figures of Longsworth 
and Maclnnes (1940) it appears that the concen- 
tration of albumin in the urine is higher than in 
the plasma ; this is probably due to underestima- 
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tion of the concentration of albumin in the 
plasma. 

In other types of nephritis, not characterized by 
gross oedema and lipaemia, the serum proteins 
differ little from normal, the only change being a 
reduction of albumin. 

Liver Disease. — The change of serum proteins 
characteristic of disease of the liver parenchyma is 
an increase of the y-globulin. The albumin is 
reduced, sometimes to very low levels, and the 
other fractions are usually little changed. These 
changes, first detected by Luetscher (1940) have 
been reported by numerous observers (for example, 
Gray and Barron, 1943 ; Thorn, Armstrong, and 
Davenport, 1946) since. The relative concentra- 
tion of y-globulin is always raised ; the absolute 
concentration is usually near 2 g./lOO ml., and 
may rise to 4 g./lOO ml., but is sometimes little 
above normal (Thorn, Armstrong, and Davenport, 
1946). Sherlock (1946) examined cirrhotic livers 
by biopsy ; she classed as “ latent ” those in which 
cell damage was minimal and bands of mature 
fibrous tissue disrupted the normal architecture 
and as “ active ” those with retrogressive paren- 
chymatous changes and regeneration of surviving 
cells. The average concentrations of serum albumin 
and globulin in the active cases were 2.8 and 
4.0 g./lOO ml., and in the latent cases 4.2 and 
2.5 g,/100 ml. Cases in which the y-globulin is 
little raised are probably latent. 

With local lesions of the liver, such as metastases 
of carcinoma, the y-globulin may be normal or 
may be raised to 2.4 g. / 100 ml. (Gray and Barron, 
1943). Obstruction of the bile ducts, unless asso- 
ciated with metastases in the liver or a secondary 
hepatitis, causes no significant change of serum 
proteins, or a rise of /3-globulin due to increase of 
cholesterol in the serum. 

In infective hepatitis Martin (1946) found that 
the relative concentration of y-globulin was 
increased. The relative and absolute concentra- 
tions of albumin were moderately reduced in the 
early stages. The increases of absolute concen- 
trations of y-globulin were slight in five of the 
six cases in which absolute concentrations could 
be calculated. In the sixth the concentration was 
1.76 g./lOO ml. on the twenty-third day from the 
onset of symptoms. In this case excess of brom- 
sulphthalein was retained 57 days after the onset 
and the y-globulin was then 1.94 g./lOO ml. In six 
cases of acute hepatitis (one arsenical jaundice and 
five catarrhal jaundice) Gray and Barron (1943) 
found y-globulin concentrations of 2.85 and 3.0 
g./lOO ml. in two cases; in three others also the 
y-globulin was above the normal range. The 


/3-globulin was over 2 g./lOO ml. in two cases 
(including the arsenical jaundice) but was not 
raised in the other cases. 

Thorn, Armstrong, and Davenport (1946), qsing 
Howe’s method, did not find the usual discrepancy 
between the amount of albumin estimated by salt 
fractionation and by electrophoresis. .However, 
Moore et al. (1941) found as big a discrepancy in 
the scrum of a hepatitis patient as in normal serum. 
In the serum of subjects intentionally infected with 
hepatitis, albumin estimated by these methods 
fell to a minimum and globulin rose to a maxi- 
mum in the second week after the onset of symp- 
toms. The albumin returned to its original level 
at the end of a'month, but the globulin was still 
raised at the end of 60 days (Havens and Williams, 
1948). The increase in the globulin is mainly 
accounted for by a rise in Milne’s fraction which 
corresponds to y-globulin. As the albumin 
returned to normal while the globulin remained 
high the total serum proteins were increased at 
five to six weeks after onset. Rennie (1945) found 
that the globulin might continue to rise for .some 
months after the onset of* acute hepatitis. * In 
chronic hepatitis and cirrhosis of the liver the ratio 
of albumin to globulin is correlated with activity 
of the KupfTer cells and damage ,to cells of the 
liver parenchyma (Franklin et al., 1948). Post and 
Patek (1942) found that patients with liver disease 
were more likely to recover when their serum 
albumin was above 3.5 g./lOO ml. Higgins and 
his colleagues (1944) found that 20 out of 24 
patients who had recovered from hepatitis had 
serum albumin over 3 g./lOO ml. Sherlock (1946) 
using biopsy studies considered that the serum 
albumin fell and globulin rose as the severity of 
the liver lesions of patients ' with acute hepatitis 
increased. She also found that albumin fell with 
the duration of obstructive jaundice and was not 
more than 3 g./lOO ml., jn 60% of cases, whereas 
the globulin changed but little. 

Myelomatosis. — Bence-Jones protein, which is 
excreted m the urine by about half the patients 
suffering from multiple myeloma, has a molecular 
weight of 37,000 (Svedberg and Pedersen, 1940); 
this is just over half the molecular weight of serum 
albumin. Its mobility in phosphate buffer (/?H 
7.4, ionic strength 0.2) ranges from 1.4 to 3.1 ; 
these values lie between the mobilities of /?r and 
y-globulin or are equal to that of /3-globulin. 
Gutman et al. (1941) found that in most cases pre- 
cipitation by ammonium sulphate began at 40% 
and was complete at 1 50 or a little over 50% satura- 
tion. Most of the Bence-Jones protein was not 
usually precipitated from’ urine by 21.5% sodium 
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sulphate unless the urine was made strongly acid. 
Antigenically, Bence-Jones proteins difTcr from 
normal serum proteins. Two types, differing anti- 
genically, have been distinguished, but may occur 
together in the same urine (Hektoen and Welker, 
1940). 

On heating at neutral or slightly acid reaction 
Bence-Jones proteins coagulate at 45 to 58° C. In 
many cases the coagulum redissolves on boiling. 
The resolution is promoted by the presence of salt, 
salts of divalent kations being more effective than 
those of univalent kations. The protein is repre- 
cipitated on cooling. In other cases the coagulum 
does not redissolve on boiling but forms a dense 
curd which floats in the froth on the surface. 

Gutman and his colleagues (Gutman et al., 
1941 ; Moore et al, 1943 ; Gutman, 1948) have 
made a thorough study of the electrophoretic com- 
ponents of the serum of myelomatosis patients, and 
of the relation of these components to the Bence- 
Jones protein in the urine and the fractions found 
by Howe's method. They classed the sera in three 
groups: (1) Sera in which protein of the mobility 
of y-globulin is increased and no Bence-Jones pro- 
tein is detected by electrophoresis or ultracentri- 
fugation (cf. Fig. 4D). (2) Sera in which various 
anomalous patterns are formed, usually with extra 
components of mobility equal to that of /2-globulin 
or lying between those of /2- and y-globulin ; in 
some cases the extra component is Bence- 
Jones protein. (3) Sera with apparently normal 
patterns, fn groups (1) and (2) the concentration 
of albumin is low and often very low. Moore, 
Kabat, and Gutman (1943) found that the a- 
globulin was increased in two cases. The sera 
studied by Longsworth, Shedlovsky, and Mclnnes 
(1939), Kekwick (1940), Blackman et al (1944), 
Malmros and' Blix (1946) and Martin (1947) fit 
into these groups. In one of the cases of Malmros 
and Blix the serum pattern was essentially normal 
at the first examination ; a year later the albumin 
was low and both /2- and y-globulin slightly 
increased. In one case studied by Moore, Kabat, 
and Gutman (1943) a very large /2-component was 
found on one occasion, and on another a com- 
ponent oT mobility between those of /2- and y- 
globulin. Gutman et al. (1941) showed that the 
patterns found in Groups (1) and (2) could be 
reproduced by adding urinary Bence-Jones pro- 
tein to normal serum. However, in most of the 
investigations made with the ultracentrifuge 
(McFarlane, 1935 ; Jersild and Pedersen, 1938 ; 
von Bonsdorff et al.,' 1938 ; Kekwick, 1943) no 
protein with the low sedimentation constant of 
Bence-Jones protein has been found in serum, but 


Packaldn (1939) found a protein of low molecular 
weight which crystallized. Moore, Kabat, and 
Gutman (1943) found components with low sedi- 
mentation constants in two sera ; in one the 
mobility of the abnormal component was equal to 
that of /2-globulin and in the other lay between 
those of /2- and y-globulin. These components, 
therefore, had the physical properties of Bence- 
Jones proteins. However, in two other sera in 
which the abnormal component had a mobility 
between those of /2- and y-globulin their sedimen- 
tation constants were equal to that of hormal y- 
globulin. In one of Kekwick's (1940/ cases three 
abnormal components were found which had sedi- 
mentation constants above that of the bulk of the 
normal globulin. Abnormal components are there- 
fore not usually identical with Bence-Jones pro- 
tein. In a case of Moore et al., in which the 
abnormal component had a low sedimentation 
constant and mobility between those of /2- and 
y-globulin, this component was antigenically iden- 
tical with the Bence-Jones protein of the urine. 
In another serum which contained a large amount 
of protein resembling normal y-globulin in 
mobility and sedimentation constant, a small 
amount of Bence-Jones protein was detected 
immunologically. 

Bence-Jones protein may be present in or absent 
from the urine in cases of all three groups. It 
was found in the urine in two of the three cases 
of Moore et al., in which its presence in the serum 
was established. Malmros and Blix (1946) found 
that on one occasion a patient's urine contained 
only traces of protein ; a year later it contained 
1.5% of Bence-Jones protein. On both occasions 
the serum contained a large amount of protein 
of mobility equal to that of /2-globulin. 

The same type of electrophoretic pattern 
may be found in the serum of patients with 
single tumours, multiple tumours, or generalized 
osteoporosis. 

The total protein concentration in serum may 
be very high. In just over half of the 43 cases 
quoted by Gutman (1948) the concentration was 
over 8 g./lOO ml. and in five it lay between 12 and 
13.7 g./lOO ml. In infective conditions, as already 
noted, any increase of the total globulin is usually 
accounted for by an increase of both Howe's 
euglobulin and pseudoglobulin I fractions. In 
myelomatosis the euglobulin fraction may remain 
low although the globulin is much increased ; this 
may be found with sera of Groups (1) and (2). On 
the other hand the euglobulin fraction may be 
much increased in sera of both these groups. As 
Bence-Jones protein is but partially precipitated 
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by 21.5% sodium sulphate, the concentration of 
albumin in sera that contain Bence-Jones protein, 
when estimated by Howes’ method, may be much , 
higher than that found by electrophoresis. 

Part of the calcium in serum is combined in an 
indiffusible form with protein. This fraction varies 
with the concentration of albumin. As globulin 
binds relatively little calcium, the concentration 
of bound calcium in the serum of myeloma patients 
may be little increased (Gutman and Gutman, 
1937) although the total protein is high. In some 
cases high concentrations of calcium are found 
in the serum. Laake (1949) ascribes these high 
concentrations to the mobilization of calcium from 
the bones. 

Miscellaneous Diseases. — Various diseases that 
do not fall into the preceding groups have been 
studied. These include leukaemia and aplastic 
anaemia (Longsworth et al ., 1939); leukaemia,* 
lymphosarcoma and Hodgkin’s disease (Peterman, 
Karnosky, and Hogness (1948) ; hyper- and 
hypo-thyroidism (Lewis and McCullagh, 1944) ; 
Addison’s disease (McCullagh and Lewis, 1945) ; 
Cushing’s syndrome and acromegaly (Lewis and 
McCullagh, 1947). The albumin was usually low 
and the a-globulin slightly raised, the degree of 
change varying with the severity of the disease ; 
with improvement of the condition the pattern 
reverted towards normal. In Addison’s disease, 
the reduction of albumin was not in keeping with 
the severity of the disease. In one severe, untreated 
case the concentration was 4 g./lOO ml., but in a 
moderate case it was, 2.66, and in a mild case 
3.3 g./lOO ml. In eight cases of Cushing’s syn- 
drome the y-globulin was low (Lewis and 
McCullagh, 1947). The increase of y-globulin 
on treatment (for example, from 0.53 to 1.22 g./ 
100 ml.) was more striking than the increase of 
albumin. 

' Other Abnormal Proteins. — The abnormal com- 
ponent in the serum of one of the cases in the 
series of Moore, Kabat, and Gutman (1943) had 
a mobility between those of /?- and y-globulin 
but was not Bence-Jones protein, and was studied 
further by Shapiro, Ross, and Moore (1943). It 
was a viscous protein with a molecular weight of 
about 160,000. 

Lerner and Watson (1947) proposed that the 
name “ cryoglobulin ” should be used for a group 
of proteins that have the property of precipitating 
or gelifying from cooled serum. They quote four 
examples described by other investigators. Shapiro 
and Wertheimer (1946) described another example 
in- which a crystalline protein was separated from 


the serum of a patient with periarteritis nodosa. 
Four of the patients in the series quoted had 
multiple myeloma. 

Lerner, Barnum, and Watson (1947) examined 
sera for the presence of cryoglobulin from patients 
with a number of diseases. They found that 
small precipitates, of the order of 10-20 mg./ 
100 ml., formed on cooling the sera of patients 
with lymphatic leukaemia, congenital hypopro- 
thrombinaemia, bronchopneumonia, bronchiecta- 
sis, rheumatic heart disease, and subacute bacterial 
endocarditis. About 800 mg. of cryoglobulin 
precipitated from 100 ml. of the serum of a patient 
with cardiovascular renal disease. This protein 
(Lerner and Greenberg, 1946) was electrophoretic- 
ally homogeneous at pH 4.7 ; it was soluble at 
2° C. in distilled water but almost completely 
insoluble in 0.5% solution of NaCl ; its molecular 
weight was 190,000. 

In McFarlane’s (1935) studies of pathological 
sera there is no evidence of the presence of abnor- 
mal proteins except in those derived from patients 
with multiple myeloma. However, the components 
seemed to be less homogeneous than those of 
normal sera. 

Peterman and Hogness (1948b) examined sera 
in acetate buffer at pH 4.0. Most of the serum 
protein is positively charged at this pH, but they 
detected a protein which was negatively charged 
and had therefore a low isolectric point. The 
sera from patients with carcinoma of the stomach, 
carcinoma of the lung, leukaemia, and Hodgkin’s 
disease contained more of this protein than was 
found in the sera of normal persons or patients 
with miscellaneous cancer. 

In their second account of the copper-sulphate 
method of estimating the specific gravity Phillips, 
Van Slyke, et al. (1945) reported that the correct 
formula for calculating protein concentration (P) 
from specific gravity (G) should be 
P = 377 (G P - 1.0070) 

The values of P calculated with this formula are 
close to those calculated with the formula 
P = 364 (G P - 1.0060) 

we recommended (Hoch and Marrack, 1945a), 
when the specific gravity is of the order of that 
found with normal sera. Phillips et al found 
that comparisons of specific gravities with protein 
concentrations in sera from miscellaneous hospital 
patients measured by macro-Kjeldahl estimates give 
a mean value of 360 instead of 377 for the con- 
stant. This would imply that the relation of the 
density of serum to the concentration of protein 
therein was abnormal, owing either to the presence 
of abnormal proteins or to abnormal relative pro- 
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portions of the proteins. We found, however, that 
the values for the protein concentrations obtained 
bv specific gravity methods, using our formula, 
agreed with those calculated from the Kjeldahl-N 
(x6.25) to within 4% with the sera of normal 
people, of those with malnutrition, and of 
women before and after childbirth (Hoch and 
Marrack, 1945a, b). The results of further experi- 
ments with nephritic sera and sera of patients with 
other diseases, including infective hepatitis, cir- 
rhosis of the liver, coeliac disease, pernicious 
anaemia, and, albuminuria are shown in Fig. 5. 


Nephritis 


tftCG ml 



Fig. 5.— Relation of concentration of protein, calculated^ from the specific 
gravity, to the concentration calculated from the nitrogen content in 
pathological sera. 


The errors ranged from -f-15.4 to —7.0% in 
nephritis, but they were within ±3% in all the 
other cases. There is therefore no evidence of an 
abnormal relation between specific gravity and 
protein concentration in these cases, and the same 
formula is applicable both to normal and to patho- 
logical sera. 

VI. Flocculation Reactions 

In considering the relation of' various aggrega- 
tion and flocculation reactions to the fractions of 
serum proteins it should be remembered that these 
fractions, whether separated by precipitation with 
salts or by electrophoresis, are not homogeneous, 
nor is their composition constant. The a-globulin 
of infectious conditions differs from that of 
nephrosis ; and the y-globulin of liver disease 
from that of myelomatosis. It is probable, how- 
ever, that fibrinogen does not vary. 

Most observers have found that electrophoretic- 
ally isolated fractions produce effects similar to 


those in Table XII. There is some disagreement 
about the differences between the effects of frac- 
tions isolated from normal serum and from sera 
of patients with disease of the liver. Kabat et al. 
(1943) found that y-globulin separated at pH 7.4 
from normal and pathological sera (cirrhosis and 
hepatitis) did not differ in efficiency in floccula- 
ting either colloidal gold or cephal in -cholesterol. 
Moore et al . found both equally efficient in floccu- 
lating cephalin-cholesterol, and McLagan and Bunn 
found that in hepatitis y-globulin was the more 
effective. On the other hand, Moore el al. (1945) 
found that hepatitis albu- 
min separated at pH 7.4 
was a less efficient inhibitor 
than normal albumin of the 
cephalin - cholesterol reac- 
tion. Kabat et al. found 
that albumin did not signi- 
ficantly inhibit this reaction. 
The differences between the 
effects of albumin may be 
due to differences in the 
amounts of some inhibiting 
constituent, other than albu- 
min, in the preparations. 
Bemsohn and Borman (1947) 
found that a preparation of 
albumin which contains only 
3% of a-globulin made by 
the low - temperature - low - 
salt - low- dielectric - constant 
method did not inhibit the 
colloidal gold reaction. It 
is remarkable that Guttman et al. (1945) found 
that the albumin isolated from the serum, taken 
during an attack of malaria, was more effective in 
inhibiting the cephalin-cholesterol reaction than 
was albumin isolated from serum taken before or 
after the attack. Bernsohn and Borman agreed 
with MacLagan and Bunn in finding that prepara- 
tions containing /2-globulin, without albumin, 
inhibited the colloidal gold. The effects of a- and 
/2-fractions on the cephalin-cholesterol reaction 
may be due to their affinity for lipids. 

The thymol-turbidity and thymol-flocculation 
reactions differ from the two other flocculation 
reactions in the importance of lipids. Phospho- 
lipids and cholesterol make up about one-third of 
the weight of the floccules formed with serum. 
The turbidity produced by isolated y-globulin with 
the thymol reagent alone was very' small. For this 
reason cephalin was added to the reasent used in 
the tests shown in Table XII. The main chance 
produced in the electrophoretic patterns by floe- 
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TABLE XII 

EFFECT OF PROTEINS, SEPARATED ELECTROPHORETICALLY AT />H 8.0, ON FLOCCULATION REACTIONS 

(MACLAGAN AND BUNN, 1947) 


Reaction 

■ Flocculator 

Inhibitor 

Difference between Proteins 
of Normal (N) and 
Hepatitis (H) Sera 

Thymol (cephalin) 
turbidity 

y-globulin 

Normal albumin 

H y-globulin slightly more 
effective than N. 

H albumin does not 
inhibit 

Thymol (cephalin) 
flocculation 

H y-globulin 

Not tested 

N y globulin does not 
flocculate 

Colloidal gold, pH 

7.8 

y-globulin 

Albumin, 
a- and p-globulin 

H y-globulin more effective 
than N. 

Cephalin- 

cholesterol 

y-globulin 

H (a + fO-globulin* 

Albumin 

H y globulin much more 
effective than N. 

N a- and p globulin do 
not flocculate 

Takata-Ara ■ 

H y-globulin 

H (a+p)-globu!in* 

H Albumin 



* Two fractions not separated. 


culation with the thymol reagent is a reduction of 
the relative area, of the /?-globulin peak (Cohen 
and Thompson, 1947). It is probable that this 
reduction is due to removal of lipid which con- 
tributes to the area of this peak. Kunkel and 
Hoagland (1947) suggest that some y-globulin may 
form a light combination with lipid and that this 
fraction migrates with /?-g lobulin. We have con- 
firmed (Marrack, Johns, and Hoch, 1949) by 
immunological methods that the bulk of the pro- 
tein in the floccules is"y-globulin. The intensity 
of the turbidity depends on the amount of lipid 
in the serum. Popper and colleagues (1949) 
demonstrated that absorption of a large meal of 
fat increased the intensity considerably. Kunkel 
and Hoagland found that in patients with acute 
hepatitis the intensity of the reaction ran parallel 
to the alterations of serum lipids in the earlier 
stages and of the y-globulin during convalescence. 

The positive flocculations tests found in diseases 
other than hepatitis and cirrhosis of the liver, for 
example, malaria, glandular fever, rheumatoid 
arthritis, and heart failure (Garter and MacLagan, 

1946) , are all probably due to an increase of 
y-globulin and a decrease of albumin, secondary 
in some cases to damage to the liver. The sera 
of multiple myeloma patients do not give positive 
thymol turbidity reactions (Kunkel and Hoagland, 

1947) . Other flocculation and precipitation reac- 
tions such as the cadmium-turbidity test (Wunderly 


and Wuhrman, 1947) and the zinc-sulphate reac- 
tion of Kunkel (1947) depend on an increase of 
y-globulin in serum. In the series of sera examined 
by Malmros and Blix (1946) the y-globulin was 
over 2 g./lOO ml. when the formol-gel reaction 
was positive. 

Erythrocyte Sedimentation Rate. — Gray and 
Mitchell (1942) studied the effects of electro- 
phoretically isolated fractions -on the erythrocyte 
sedimentation rate. Fibrinogen increased the rate 
most, «- and /?-globulin were less effective, and 
y-globulin least. Albumin delayed sedimentation. 
These four factors therefore affect the E.S.R., e ven 
if the efficiency of the globulin fractions does not 
change with disease. The rate is not necessarily 
correlated with the concentration of any one com- 
ponent. Thus Shedlovsky and Scudder (1942) 
found that in infective conditions the E.S.R. was 
more closely correlated with the concentration of 
a-globulin than it was with the concentration of 
fibrinogen. In the series reported by Malmros and 
Blix (1946) the E.S.R. was high in some cases of 
multiple myeloma in which the only abnormalities 
were reduction of the albumin and increase of 
y-globulin. In these cases the y-globulin was 
probably abnormal. 

*According to the latest report (Surgcnor, Strong, ct oL 
1948) fibrinogen is the most directive protein, and the 
next most effective a carbohydratc-rich a ,-globulin, wnicn 
also binds bilirubin. 
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Discussion 

The changes found in the electrophoretic pat- 
terns arc not characteristic of any disease. The 
outstanding changes arc reduction of albumin, an 
increase of y-globulin or a moderate increase of 
a-globulin. These are found in a 1 variety of con- 
ditions. The increase in the relative areas of the 
a- and /2-globulin peaks in the patterns in nephro- 
sis appears to be secondary to an increase of the 
lipids of the serum, an increase that can be better 
detected by simpler means. The reduction of 
y-globulin which may have a better claim to be 
regarded as specific of nephrosis is found in other 
conditions associated with deficiency of protein. 

Owing to the wide spread of the concentrations 
of the components of normal serum, a component 
may change considerably without passing beyond 
the normal range. Such changes will not be 
detected unless the patient's serum is examined 
repeatedly. The average change found in one 
disease may be greater than the average found 
in another, but in individual cases the difference 
may be in the opposite direction ; thus the highest 
concentration of y-globulin found by Siebert et al. 
(1947) in tuberculosis was higher than any they 
found in sarcoidosis, in which high figures were 
more common. 

The bulk fractions separated by electrophoresis 
or by any other method are complex mixtures of 
several small components. It cannot be expected 
that changes in these bulk fractions will measure 
or even detect changes in the various components. 
The maximum amount of an antibody found in 
human serum is about 1 mg. /ml., and the standard 
deviation of y-globulin, according to Siebert et al. 
(1947), is 2.2 mg. /ml. It is only in sera of hyper- 
immunized animals that the amounts of antibody 
rise to several mg. /ml., and are enough to show in 
the electrophoretic pattern, and when the antibody 
is precipitated by antigen, an appreciable reduc- 
tion of a peak can be seen. Possibly the reduc- 
tion of /2-globulin which is often found in infec- 
tions is due to reduction of the metal-combining 
protein which normally makes up about one- 
quarter of this fraction. 

The plasma of patients with haemophilia appears 
to lack the anti-haemophiliac globulin, but the 


electrophoretic pattern is normal in spite of its 
absence (Lewis et al., 1946). The amounts of 
other components are very small. The choline 
esterase (Surgenor, Strong, et al., 1949), makes up 
about 1% of the protein of fraction IV-6, which 
is a sub-fraction of fraction IV~4 (Table IV). 

At present changes in the serum proteins charac- 
teristic of certain diseases are detected by the 
specific reactions of the antibody globulins that 
appear in these diseases. It is probable that other 
changes characteristic of certain types of disease 
will be detected by the reactions of other com- 
ponents, such as the reaction of the metal-binding 
protein with iron or the precipitation of the 
C-reactive protein with the C-polysaccharide. 
Such reactions may be less specific than those of 
antibodies but still be characteristic of a certain 
type of disease. The amounts of the fractions 
separated by electrophoresis or by other means 
will serve more as a measure of severity than as 
evidence of the nature of an illness. The empirical 
flocculation reactions, which appear to depend on 
quantitative as well as qualitative changes of the 
protein fractions, take an intermediate position, 
and should, in time, be replaced by less empirical 
tests. 

The gross changes of the concentrations of 
albumin and y-globulin can be detected by salting 
out methods. In liver disease the estimates of 
albumin usually agree with those found by electro- 
phoresis. In nephrosis the concentration of 
albumin calculated from the electrophoretic pat- 
tern has little better claim to be called the true 
albumin than has the concentration obtained by 
salt fractionation. It remains to be seen how well 
the results obtained by methods proposed by 
Milne (1947) and Kibrick and Blonstein (1948) 
agree with those derived from electrophoretic 
patterns. 

Like the E.S.R., abnormalities of the electro- 
phoretic pattern are a measure of the clinical state 
of the patient rather than specific evidence of 
disease. The main interest of the study of abnor- 
malities of the electrophoretic components of 
serum lies in the correlation of the degree of 
change to the clinical condition of the patient and 
in the investigation of the causes of these changes. 
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Fig. 4. — Electrophoretic patterns of (A) nephrosis, (B) cirrhosis of liver, (C) obstructive jaundice, (Dl, D2) 
multiple myeloma, (El, 2, 3) enlarged spleen (irradiated), (F) idiopathic hypoproteinacmia, (G) steatorrhea, 
(H) kala azar, and (J) nephrosis. 


ELECTROPHORETIC ANALYSES OF SERA SHOWN IN FIG. 4 



P H 

1 

Serum Diluted 
to g./lOO ml. 

Total Protein 
g./lOO ml. 

Albumin 
g./lOO ml. 
(%) 

( 

«1 

jlobulin g./l 

j ou 

100 ml. (%) 

y 

A 

8.0 

, 1.15 

4.3 

1 .9 (44.0) 

0.7 (16.5) 

1.2(28.0) 

0.5(11.5) 

B 

8.0 

1.25 

7.3 

2.9 (40.0) 

0.5(17.0) 

1.4(19.0) 

2.5 (34.0) 

C 

8.0 

1.4 

7.0 

3.1 (44.0) 

0.7(10.0) 

1.2(17.0) 

2.0 (29.0) 

Dl 

8.6 

1.4 

7.6 

3.3 (43.0) 

0.3 (4.0) 

0.7 (9.5) 

0.8(11.0) 

2.5(33.0) 

El 

1 

f 

5.8 

2.95 (48.5) 

0.6 (9.5) 

0.90(15.0) 

0.95 (15.5) 

0.70(11.5: 

2 

y s.6 

L4 1 

6.1 

2.75 (47.5) 

0.5 (9.0) 

0.95(16.0) 

1.00(17.0) 

0.60(10.5; 

3 

j 

\ 

6.1 

2.60(43.0) 

0.75 (12.0) 

1.20(19.0) 

0.95(15.5) 

0.60(10.5; 

F 

8.6 i 

1.4 

4.4 

2.1 (47.5) 

0.4 (9.0) 

0.7 (16.0) 

0.9 (20.5) 

0.3 (7.0) 

G 

8.6 1 

1.4 j 

5.2 

1.7(33.0) 

0.7(13.5) 

1.1 (21.0) 

0.7(13.5) 

1.1 (21.0) 

H | 

8.0 1 

0.8 

8.7 

2.4 (27.5) 

0.4 (4.5) 

0.8 (9.0) 

5.1 (59.0) 

J 

not analysed 

j 







A. — Nephrosis. History of oedema for 10 months. Blood pressure, 130/85; renal efficiency tests normal; plasma 

cholesterol, 0.33 g./lOO ml. y- globulin low in spite of respiratory infection one month before sample taken. 

B. Cirrhosis of Liver, — Jaundice; ascites; thymol turbidity 16 units. , 

C. Obstructive Jaundice.— Carcinoma of pancreas; chronic hepatitis; thymol turbidity, 2.5 units; colloidal 

gold, 0; ccphalin-cholcstcrol, 0. 





Ascending 


Descending 
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D. Multiple Myeloma (1) serum, (2) urine. — X-ray examination showed multiple punched-out areas in bones. 
Thymol turbidity, 3 units; E.S.R. (Wintrobe), 18 mm./l hour. Urine contained a little albumin and much 
Bence-Jones protein which did not redissolve on boiling. 

E. Enlarged Spleen (irradiated).-— (1) Before irradiation; (2) one day after irradiation (see over). 



190 


J. R . M ARRACK AND H. HOCH 


Ascending 
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E. Enlarged Spleen (irradiated). — (1) and (2) see p. 188; (3) six days after irradiation. 

F. Idfopathic Hypoproteinaemia (? coeliac disease). 

G. Steatorrhea. — Subject very emaciated; voluminous fatty stools; serum calcium, 6.5 mg./lOO ml. 

H. Kala azar. — Jaundice; thymol turbidity, 26 units. 
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Fig. 4 

J. Nephrosis. — Subject had oedema since pregnancy 10 months previously. Gross oedema with effusions; blood 
pressure, 180/100; blood urea, 42 mg./ 100 ml.; plasma cholesterol, 1.25 g./lOO ml. Received two injections 
T.A.B. vaccine. Agglutinin titres, typhoid-H to 1/2560, typhoid O to 1/54J, although y-globulin low. 
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In 1928 Krebs reported that the concentration 
of copper in the serum was significantly raised in 
the terminal stages of pregnancy. Since that time 
this observation has been confirmed by a number 
of workers (Gorter, Grendel, and Weyers, 1931 ; 
Locke, Main, and Rosbash, 1932 ; Sachs, Levine, 
and Fabian, 1935 ; Nielsen, 1944), who have shown 
that at full term the serum copper level is approxi- 
mately twice the value found in non-pregnant 
subjects. 

The significance of this raised serum copper 
level in pregnancy is, however, still obscure. Sachs, 
Levine, and Fabian (1935) have concluded that it 
represents a normal, physiological adjustment for 
the transport of copper from the maternal blood 
to the foetus, but no evidence is presented in sup- 
port of this view. Other observations in the litera- 
ture suggest that the hypercupraemia of pregnancy 
may, in part at least, be associated with some more 
specific function. It is well established that certain 
of *the plant phenol oxidases are copper-contain- 
ing proteins (Kubowitz, 1937, 1938 ; Keilin and 
Mann, 1938, 1939). Baker and Nelson (1943) have 
described a copper protein from kidney which is 
capable of catalysing the oxidation of adrenaline, 
and Holmberg in 1944 obtained a blue copper- 
containing protein from the “ euglobulin ” frac- 
* ti° n of the serum proteins which possessed a 
laccase-like activity, catalysing the oxidation of 
p-phenylenediamine. 

More recently, Holmberg and Laurell (1948) 
have described a blue protein containing 0.36% Cu 
derived from the serum globulin fraction which, 
when added to male plasma to give a final copper 
concentration of 700 /xg./ 100 ml., increased the hist- 
aminolytic activity of the plasma 400-fold. They 
also point out that the increase in serum copper 
in pregnancy runs parallel with the increase in the 
histaminolytic activity of the plasma. 

In view of this finding, and since changes in 
the histaminolytic activity of the plasma have 
been reported in pre-eclamptic toxaemia (Kapeller- 


Adier, 1944, 1947), a study of the level of serum 
copper in this condition has been carried out. 

It is known from the work of Abderhalden and 
Moller (1928) and Boyden and Potter (1937) that- 
the copper in the plasma from non-pregnant sub- 
jects exists in a non-dialysable form, and Eisler, 
Rosdahl, and Theorell (1936), using electrophoretic 
methods, have stated that the rate of migration of 
the copper in horse serum is the same as that of 
the serum albumin. Cohn and Koechlin (1947), 
on the other hand, have described a copper-com- 
bining protein in the ^-globulin fraction of human 
plasma. Experiments have also been carried out 
therefore to determine the proportion of the copper 
precipitating with various protein fractions, separ- 
ated by graded concentrations of sodium sulphate, 
from the serum of both non-pregnant and pregnant 
subjects. 

Experiments 

Materials. — Blood samples have been taken from 
42 women with normal pregnancies (37^40 weeks), 
from 35 subjects four to seven weeks post-partum, 
from a further nine normal subjects at intervals 
throughout pregnancy, and from 18 healthy, non- 
pregnant women in the reproductive age. 

Samples have also been obtained from 12 cases 
admitted to the maternity' ward on account of pre- 
eclamptic toxaemia. The criteria on which this diag- 
nosis was based were a blood pressure of over 160/90 
occurring after the thirtieth week of pregnancy' in a 
subject w'hose blood pressure at the beginning of preg- 
nancy had been within the normal range, together with 
either albuminuria (ten cases) or oedema (nine cases). 

Methods. — The samples were taken into acid-cleaned 
all-glass syringes, and all glassware used subsequently 
in the course of the estimations was acid-cleaned and 
washed with copper-free water distilled over “ pyrex ” 
glass. 

Copper was estimated in 3 ml. of the separated 
serum by a modification of the colorimetric method of 
Eden and Green (1940), based on the reaction of copper 
with sodium diethvidithiocarbamate. In all experi- 
ments in which ft was desired to estimate the absolute 
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amount of copper present, the sample was digested 
with H 2 S0 4 , HNO a , and HCIO, ; blank estimations 
were performed on identical amounts of all reagents 
used. 

Results 

The values obtained for the serum copper levels of 
a series of healthy, non-pregnant women, of women 
late in pregnancy (37-40 weeks), and of women four 
weeks and five to seven weeks post-partum, together 
with a small series from cases of pre-cclamptic* 
toxaemia, are shown in Table I. 

TABLE I 

Serum Copper Levels (pG.Cu/100 ml. serum) in Non- 
pregnant Subjects, in Normal Pregnancy, and in 
Pre-eclampsia 


Subjects 

Mean 

Standard 
Error of 
the Mean 

Range 

a 

Normal 

Non-pregnant . . 

106 

i 

4.2 

78-135 

18 

Normal pregnancy 
(37-40 weeks) 

230 

5.7 

180-288* 

42 

4 weeks post-par- 
tum 

143 

4.5 

102-180 

24 

5-7 weeks post-par- 
tum 

114 

5.4 

88-139 

11 

Pre-eclamptic . . 

277f 

8.1 

235-337 

12 


* One value of 387 was obtained. Although this has been included 
in calculating the mean, it has not been included in the range since 
it dilTers from the mean by more than three times the standard 
deviation of the mean. 

t Individual values in prc-cclamptics were 250, 312, 255, 337, 275, 
277, 235, 281, 252, 283, 285, and 280 ,<g./100 ml. 

It will be seen that in each case the serum copper 
level in the terminal stages' of normal pregnancy is 
very considerably raised. 

A further nine cases attending the ante-natal clinic 
were followed through pregnancy at apprdximately 
three-monthly intervals, and a further estimation was 
made on each when the patient returned to hospital 
for the final post-natal examination. Since these sub- 
jects were attending the clinics as out-patients it was 
not possible in each case to obtain blood samples at 
exactly similar intervals, and the estimations were 
carried out at times varying from 10 to 16 weeks, 26 
to 32 weeks, and 37 to 40 weeks of pregnancy in each 
case, and again at 6 to 11 weeks post-natally. The 
results of these estimations are given in Table II. 

The findings of these nine cases confirm the earlier 
observations of Nielsen (1944) that the rise in scrum 
copper occurs at an early stage in pregnancy ; it will 
be seen that the level is significantly increased by the 
tenth to sixteenth week, although a further slight in- 
crease appears to take place until full term; 6 to 11 
weeks after delivery the scrum copper level appears to 
have returned once more to the normal level for the 
non-preenant subject. 


TABLE II 

Serum Copper Levels (/ig.Cu/100 ml. serum) through- 
out Normal Pregnancy and Post-natally 


Case 

10-16 • 
Weeks 

26-32 

Weeks 

37-40 

Weeks 

Post- 

natal 

(6-11 

Weeks) 

\ 

267 

298 

288 

185 

2 

182 

- 

287 

129 

3 

193 

270 

228 

89 

4 

152 

178 

(387)* 

133 

5 

182 

228 

212 

126 

6 

148 

190 

240 

117 

7 

166 

213 

! 237 

95 

8 

183 

225 

* 240 

110. 

9 

179 

165 

215 

92 

Mean 

184 

221 

243 

119 


* Not included in the mean given in this table since it dtlTcrs from 
the mean given in Table I by more than three times the standard 
deviation of the mean. 


The values obtained in pre-eclampsia arc also high, 
the mean for the 12 cases studied being 277 ;<g,/ 100 
ml. (standard error = 8. 1) compared with a mean of 
230 /*g./100 ml. (s.e. = 5;7) for normal full-term preg- 
nancies. Moreover, the standard error of the dif- 
ference between these means is 11.5 giving t = 4.1 
for n — 52. It should be pointed out that in calculating 
the standard error of the normal pregnant group the 
value of 387 «g./100 ml. lias been included in the 
series, even though this differed from the mean by 
more than three times the standard deviation of the 
mean. 

From the results which wc have obtained on this 
small series of cases it would appear that in pre- 
eclampsia the serum copper level shows a small but 
statistically significant increase over the normal eleva- 
tion occurring in pregnancy. 

In order to obtain information as to the physio- 
logical significance of this extra serum copper m 
pregnancy it was decided to carry out some initial 
experiments to determine, by means of fractional 
precipitation of the serum proteins, whether thfc> 
excess copper in the serum' behaves in a similar 
fashion to the copper present in the scrum of non- 
pregnant subjects, and also to obtain evidence as to 
which of the main groups of protein the copper is 
combined. 

Total globulins were first precipitated with 26.8% 
Na 2 SO, (Majoor, 1947 ; Milne, 1947), and the per- 
centage of the total serum copper precipitating with 
the globulins determined. In these fractionation ex- 
periments advantage was taken of the finding by 
Tompsett (1934) that the scrum copper can be quanti- 
tatively estimated on trichloroacetic acid filtrates of 
whole scrum, acidification releasing the copper from 
its bound form. 
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The globulins, precipitated from 3 ml. of scrum by 
means of 26.8% Na^SO* (previously washed with 
ammoniacal sodium dicthyldithiocarbamatc, extracted 
with amyl alcohol, rccrystallizcd and d 9 ed in the 
oven at 110 c C.), were therefore dissolved in H.O and 
re- precipitated with a final concentration of 5?^ tri- 
chloroacetic acid ; after standing for 10 minutes the 
precipitate was centrifuged, and the supernatant trans- 
ferred to a separating cylinder for copper estimation. 
The precipitate was washed once with 3 ml. 5?o tri- 
chloroacetic acid, and the supernatant also added to 
the separating cylinder. Total serum copper was esti- 
mated on the filtrate obtained by precipitation of 3 ml. 
serum with trichloroacetic acid in the same manner. 

In addition, Milne (1947) has shown that 19.6% 
Na ; SO t yields a precipitate of “ euglobulin ** which 
appears to correspond reasonably quantitatively with 
electrophoretically estimated ft- + -/-globulins, and 
Kibrick and Blonstein (1948) have claimed that a frac- 
tion agreeing satisfactorily with electrophoretically 
estimated -/-globulin can be obtained by precipitation 
with 15% Na.SO*. An attempt was made therefore 
to estimate the copper in fractions precipitated with 
15%. 19.6%, and 26.8?; Na.SO* in the hope of being 
able thereby to determine roughly the percentage of 
the total serum copper bound with the <*-, /?-, and 
y-globulin fractions respectively. Some difficulty was 
experienced, however, in obtaining satisfactory floccu- 
lation for either filtration or centrifugation of the pre- 
cipitates obtained at these salt concentrations without 
the use of high dilutions of the serum which w'ould 
have, introduced inaccuracies into the subsequent 
copper estimations. For this reason ether w'as added 
in order to obtain a compact and centrifugable separa- 
tion of the precipitated globulins (Kingsley, 1940). 

The procedure finally adopted w T as as follows : 
Serum, 3 ml., is added slowly to the weighed quantity 
of solid copper-free Na.SO* contained in- a round- 
bottomed centrifuge-tube which is stirred mechanically 
and immersed in a water-bath at 35° C. After stirring 
for five minutes the tube is removed from the bath, 

1 ml. of ether added, and the tube shaken for 20 to 
30 seconds. It is then immediately centrifuged for 
10 minutes' at 3,000 revolutions per minute. The ether 
is then poured .off, and the lower aqueous layer 
removed with a teat-ended capillary pipette and dis- 
carded. The precipitate is dissolved in 4 ml. of 
water and re-precipitated with trichloroacetic acid as 
described above. 

The percentages of the total serum copper precipita- 
ting with the various globulin fractions obtained by 
these means are shown in Table III. Using only 
Na.S0 4 as the precipitating agent it will be seen that 
89% of the copper present in the serum from non- 
pregnant subjects appears in the precipitate of total 
globulins ; when Na.SO* together with ether was used, 
the globulin precipitate contained 86% of the total 
copper present in the serum, a value not differing 
significantly from that obtained with Na.SO* alone. 
A few experiments were also done to compare the 
effects of the use of ether on the fractions precipita- 


ting with 15% and 19.6% Na.SO*, but again it was 
found that the presence of ether did not affect the 
amount of copper precipitating at these concentra- 
tions. Although no electrophoretic study of these 
protein fractions has been made, it has* therefore been 
concluded that we may justifiably consider these frac- 
tions as representing roughly the a-, /?-, and y-globulin 
fractions described by Kibrick and Blonstein (1948). 


TABLE HI 

Percentages of Total Serum Copper Precipitating 
with Varying Globulin Fractions 


Subjects 

i 

Precipitant 



NajSOi(%) 

N<uSO* 


-f* Ether 

(%) Alone 


! 15 

; 19.6 

26.8 

26.8 

Normal, non-pregnant 

33 

i 82 j 

75 

94 

21 

79 

97 

95 


38 

74 1 

85 

86 


16 

| 81 

86 

1 86 


23 

| 68 

89 

| 86 

Mean % of copper 

26 

77 

| 86 

89 

Pregnant (37-40 weeks) 

31 

29 

22 

22 ] 
25 ! 
24 

22 

84 

81 

80 

76 

81 

9S 

94 

100 

85 
100 

86 

90 


Mean % of copper 

25 

| 80 

93 



The results summarized in Table III show that no 
significant difference exists between non-pregnant and 
pregnant sera as regards the amount of copper appear- 
ing in the protein fractions precipitated by 15%, 
19.6%, and 26.8% Na.SO*. Further, using Kibrick 
and Blonstein’s interpretation of these protein frac- 
tions, it appears that approximately 25% of the copper 
is combined with the y-globulin fraction, 55% with the 
^-globulins, and a further 10% with the a-globulins. 

Discussion 

The considerable increase in the serum copper 
level in pregnancy observed by earlier workers has 
been confirmed. The main object of the present 
work was to discover whether this elevated serum 
copper level undergoes any change if a pre- 
eclamptic toxaemia develops in the course of the 
pregnancy. Although the number of cases of pre- 
eclamptic toxaemia which we have been able to 
study is small, the results show that in this condi- 
tion there' appears to be a small but statistically 
significant increase in the serum copper level over 
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the normal elevation which occurs in a healthy 
pregnancy. From the few cases we have studied 
there does not appear to be any obvious evidence 
of a correlation between the severity of the 
toxaemia and the height of the serum copper level, 
although further work on a larger series of cases 
would be needed to establish this point. It is 
clear, however, that the decrease in histaminolytic 
activity of the plasma in pre-eclamptic toxaemias, 
which has been reported by Kapeller-Adler (1944, 
1947), is not accompanied by any corresponding 
fall in the level of serum copper. 

With a view to obtaining information about the 
state and physiological significance of the raised 
serum copper in pregnancy, information has been 
obtained as to relative amounts of copper bound 
to the various fractions of the plasma proteins. 
Our finding that 90% of the serum copper appears 
in the globulin precipitate produced by 26.8% 
Na 2 SO, agrees well with the proportion precipi- 
tated by 50% saturation with (NH 4 ) 2 S0 4 (Holm- 
berg and Laurell, 1947). By using graded concen- 
trations of Na 2 SO t it has been shown that the 
greater part of this globulin-bound copper exists 
in combination with those globulins precipitating 
between 15% and 19.6% Na 2 SO p that is with a 
fraction which has been claimed by Kibrick and 
Blonstein (1948) to consist largely of /8-globulins. 
In this connexion it is of interest that Longsworth, 
Curtis, and Pembroke (1945) have shown by elec- 
trophoretic analysis that in pregnancy there is a 
decrease in the serum albumin level accompanied 
by an approximately two-fold increase in the 
/?-globulin level. Novak and Lustig (1947) have 
also reported a significant fall in the albumin/ 
globulin ratio of the serum in pregnancy, and have 
claimed that this ratio is still further reduced in 
toxaemic patients, a finding which accords with 
our demonstration of a further rise in the serum 
copper level in pre-eclamptic toxaemias. More- 
over, a /8-globulin has recently been isolated from 
human plasma which is capable of combining with 
iron, copper, or zinc, and has been designated the 
“ metal-combining globulin ” (Cohn and Koechlin, 
1947 ; Surgenor, Koechlin, and Strong, 1949). 
The properties of this metal-combining protein 
have so far mainly been studied in connexion with 
its combination with iron. Although the present 
findings are not concerned specifically with this 
protein, they indicate that not only does the larger 
part of the copper normally present in human 
serum also exist in combination with a /3-globulin, 
but that the extra copper present during pregnancy 
appears to show the same distribution among the 
major fractions of the plasma proteins. Our 


results with human serum arc therefore in con- 
trast with the findings of Eislcr, Rosdahl, and 
Thcorell (1936) that the copper in horse scrum is 
largely associated with the albumin fraction. 


Summary 

Estimations of the serum copper level have been 
carried out in blood samples obtained from 
healthy, non-pregnant women, from women late 
in pregnancy, from women four to eleven weeks 
post-partum, and in 12 cases of pre-eclamptic 
toxaemia. 

The results indicate that in pre-cclampsia the 
scrum copper level shows a small but significant 
increase over the normal elevation occurring in 
pregnancy. 

Approximately 90% of the scrum copper appears 
in the globulin precipitate produced by 26.8% 
Na 2 SO. r 

By the use of graded concentrations of Na 2 S0 4 
the copper partition among various globulin frac- 
tions has been determined. 

No significant difference was observed between 
samples from pregnant and non-pregnant subjects 
in the distribution of the protein-bound copper. 

We should like to acknowledge gratefully the help 
given to us in the collection of samples from 
pregnant subjects by Mr. J. B. Blaikley, F.R.C.S., 
F.R.C.O.G., and the staff of the Department ^ of 
Obstetrics and Gynaecology, Guy’s Hospital Medical 
School, London. 
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The incidence of carcinoma of the prostate in 
1947 in the United Kingdom, according to the 
Registrar-General, was 0.98% of all male deaths. 
Nevertheless several writers (Muir, 1934 ; Moore, 
1935 ; Rich, 1935 ; Gavnor, 193S : Kahler, 1939 ; 
Baron and Angrist, 1941 ; Luppi, 1947) have 
reported a much higher incidence of carcinoma 
in prostates removed at routine necropsy when the 
condition was unsuspected. The reported figures 
range from 2.1% to 46%. This variation can only 
be attributed to differences of method of examina- 
tion or of criteria of malignancy. Since it is 
important to establish the true incidence of latent 
carcinoma of the prostate it was decided to make 
a thorough study of prostates removed at necropsy, 
and to employ a careful and uniform technique. 

Material and Methods 

One hundred and forty-two prostates were studied. 
These had been removed at necropsy from males 
between the ages of 15 and 79 years in whom the 
diagnosis of carcinoma of the prostate had not been 
made clinically or on gross examination at necropsy. 

Each prostate was dissected free from surrounding 
tissue and its volume measured by reading the volume 
of fixing fluid displaced by the gland on immersion in 
a measuring cylinder. It was then fixed whole for ten 
days in 10% formol saline (one part commercial 
formaldehyde with nine parts normal saline), buffered 
to pH 7.0. the solution being changed on the second 
day. Fixation with corrosive formol was tried at first, 
but formol saline gave better nuclear detail and was 
satisfactory even with the largest gland with a volume 
of 105 ml. Prostates were obtained up to 54 hours 
after death. 

The glands were first cut coronally through the 
urethra, thus dividing them into anterior and posterior 
portions. Each portion was then placed on the 
machine used for slicing the brain. This consists of 
the base and three sides of a shallow wooden box 
with sheets of glass within it. The number of glass 
sheets was adjusted to allow a space of 4 mm. between 
the top of the box and the surface of the glass, so 
that a long knife laid on the top of the box could be 
used to cut slices 4 mm. thick. In this manner the 
prostate was completely divided into blocks about 
4 mm. thick, each of which was numbered. Since the 
P 


prostates varied considerably in size and shape it was 
sometimes more convenient to section them sagittally, 
but in every case the whole gland was divided into 
blocks. Some variation in the thickness of the blocks 
was inevitable, but none was thicker than 5 mm. 
Blocks thinner than 4 mm. were difficult to work with, 
particularly if they were large, as they became 
distorted. 

Dehydration and clearing were carried out slowiy 
with an alcohol-butyl-benzene series. The blocks 
were embedded in paraffin and sections cut at a thick- 
ness of 8 n from the same surface of each block. 
When small calculi were encountered during cutting 
use was made of Ebner's solution as advised by 
Lendrum (1947). As a routine measure the sections 
were stained with Weigert's haematoxylin and 1% 
alcoholic eosin. 

Bv this method a series of sections was obtained 
from each prostate, the sections being at roughly 
4 mm. intervals right through the gland. Moore 
(1935) calls this a method of "step-section.” 

Criteria of Malignancy 

Since adenocarcinoma of the prostate is often 
composed of small, well-differentiated acini in 
which nuclear changes and mitotic figures are rare 
or absent, it is necessary to scrutinize carefully 
the relationship of epithelium to stroma. Pros- 
tatic acini whether normal or hypertrophic are 
surrounded by a stroma propria, composed of 
fibromuscular and a little elastic tissue, which 
closely invests them and faithfully follows the con- 
tour of the acinus even into the projecting papillae. 
Together the acinus and the stroma propria form 
a single unit around which the supporting stroma 
of the gland sweeps (Fig. 1). Most normal and 
hypertrophic acini also possess a basal layer of 
epithelial cells which are flattened or fusiform in 
shape and are arranged horizontally around the 
acinus. There are, however, certain acini which 
do not possess a basal layer of cells, but these still 
retain the normal relationship to the stroma 
propria fFig. 2). Malignant acini have neither a 
basal layer of epithelial cells nor a stroma propria. 
The absence of a basal layer, therefore, does not 
necessarily indicate malignancy, but the relation- 
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Fig. 1. — Normal prostatic acinus with basal layer of epithelial cells and stroma 
propria which can be followed into the papilla. X 550. 


invasion, and invasion of the 
blood vessels. Perineural* 
lymphatic invasion was looked 
for particularly in every case. 

Results 

Carcinoma was found in 
17 (12%) of the 142 prostates 
examined. It was not found 
before the age of 40. The 
incidence after 40 is shown in 
Tabic 1. Statistical analysis 
shows that there is a signifi- 
cant rise in the incidence of 
carcinoma between the sixth 
and seventh decades (P<0.01) 
but not beyond the seventh. 
This does not agree with the 
observation of Moore (1935), 
who concluded that the inci- 
dence of carcinoma increased 
steadily up to a maximum 
at the ninth decade ; critical 
examination of his figures 
shows that the increase 
was not really statistically 
significant. 


ship of the acinus to its stroma 
is of great importance and 
is particularly striking when 
malignant acini are invading 
muscle. 

Moore (1935) drew atten- 
tion to the tendency of carci- 
noma of the prostate to 
spread by the perineural 
lymphatics, and Kahler (1939) 
describes this as the most 
valuable criterion in its diag- 
nosis. This form of infiltra- 
tion is seen frequently and 
extensively even in small 
tumours. 

In view of the special 
characteristics of carcinoma 
of the prostate the diagno- 
sis of malignancy was based 
on the observation of 
abnormal stromal rela- 
tionship together with any 
three of the following : nuclear 
changes, mitotic figures, ana- 
plasia, heteroplasia, lymphatic 



Fig. 2. — Normal acinus without basal layer of epithelial cells but with norma! 

stroma propria. X 550. I 
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Table I 

Incidence of Carcinoma and Benign Hypertrophy 


Age 

Groups 

Total 

Number 

of 

Prostates 

Prostates 

without 

Carci- 

noma 

Prostates 

with 

Carci- 

noma 

Prostates 

with 

Benign 

Hypertrophy 

40-49 ... 


22 

21 

1 

2 

50-59 ... 


3S 

36 

2 

23 

60-69 ... 

i 

39 

32 

7 

37 

70-79 ... 


22 

15 

7 

22 


Site of Origin. — Lowsley (1930) has shown that 
the prostate begins to develop during the third 
month of foetal life as five groups of solid out- 
growths from distinctive parts of the urethra. 
One group arises from the posterior wall of the 
urethra between the bladder neck and the ejacu- 
latory ducts ; one on each side from the lateral 
furrows of the urethra including the lower part ; 
one from the posterior wall of the urethra below 
the ejaculatory ducts ; and one from the upper and 
anterior part of the urethra. A middle lobe, two 
lateral lobes, a posterior lobe, and an anterior lobe 
develop from these outgrowths. The middle lobe 
is bounded by the bladder superiorly, the urethra 
anteriorly, and the ejaculatory ducts posteriorly ; 
its ducts open into the posterior wall of the urethra 
above the ejaculatory ducts. The lateral lobes are 
situated on each side of the urethra and extend 
posteriorly and anteriorly, and their ducts pass 
posteriorly, then medially and anteriorly to end 
in the lateral furrows of the urethra. The posterior 
lobe is bounded anteriorly by the urethra, antero- 
superiorly by the ejaculatory ducts, and posteriorly 
by the capsule ; its ducts end in the posterior wall 
of the urethra below the ejaculatory ducts. The 
anterior lobe i^ small and is situated in the median 
plane anterior to the upper part of the urethra ; its 
ducts end in the anterior wall of the urethra. The 
middle lobe may be absent occasionally. Lowsley 
states that the acini of the middle and lateral lobes 
may intermingle, but considers that a distinct layer 
of fibrous tissue separates the posterior and lateral 
lobes. Whether or not it is accurate to regard the 
prostate as sharply divided into lobes is debatable, 
but the divisions do serve as a rough means of 
siting lesions. 

In one prostate the tumour was so extensive that 
it was impossible to determine its site of origin, 
and this was the only gland in which the middle 
lobe was involved and the seminal vesicles 
infiltrated. In four glands two separate areas 
of carcinoma were found. In two of these there 


was considerable difference in the size of the 
tumours, but in the other two the tumours were 
of similar size, thus supporting the view that pros- 
tatic carcinoma may be multifocal in origin 
(Moore, 1935). It was possible, therefore, to 
localize with fair accuracy the sites of origin of 
20 small carcinomata. Twelve were confined to, 
or occurred maximally in. the posterior lobe and 
eight arose in the lateral lobes. This confirms the 
finding that carcinoma of the prostate occurs most 
commonly in the posterior lobe. The anterior 
lobe did not contain tumour in any case. 

Method of Spread. — Eleven tumours in the pos- 
terior lobe and two in the lateral lobes arose just 
beneath the capsule, and in eight of these the 
capsule was infiltrated, thus supporting the obser- 
vations of Rich (1935) and Gaynor (1938). 

In all but four glands the tumours were con- 
fined to one lobe ; of these four, two, arising in 
the posterior lobe, had spread forwards on both 
sides of the urethra into the anterior part of the 
gland, but the other two, arising in the lateral 
lobes, had spread forward around the urethra into 
the lateral lobe on the other side. 

Size of Tumours. — All the tumours except one 
could be roughly measured. The largest was 
20x20x8 mm. and the smallest 2x2x2 mm. 
The tumours varied considerably within this range, 
the average volume being 718 c.mm. 

Histology. — The tumours were all adenocarcino- 
mata which varied in histological appearance but 
had certain features in common. In the main 
they were composed of small acini. Since Luppi 
(1947) has stated that senile acini and acini dis- 
torted by the pressure of “ adenomata ” in benign 
hypertrophy may be wrongly diagnosed as malig- 
nant, it is important to emphasize the differences 
between malignant and non-malignant small acini. 

Small senile acini are shrunken and often dis- 
torted. They are usually lined by small irregular 
cubical or flattened cells with small pyknotic round 
or irregular nuclei (Fig. 3a). Cells with thin oval 
nuclei usually arranged perpendicularly to the 
lumen also occur and may predominate (Fig. 3b). 
The basal layer of cells usually has rounder and 
paler staining nuclei. In older glands the luminal 
cells are all flattened and the basal nuclei narrow 
and pyknotic similar to those of the lining layer 
(Fig. 3c). The cell outline is indefinite and the 
cytoplasm scanty, palely eosinophilic, and finelv 
granular, sometimes being reduced to a thin rim 
around the nucleus. The stroma propria is alwavs 
present and is thickened and collagenous. 




Figs. 3a, 3 6, and 3c . — Small senile acini showing small pyknotic nuclei. X 800. 3</and 3e . — Small acini in benign 
hypertrophy showing typical nuclei and cellular appearance with perinuclear vacuolation. cl X 400, c X 800. 
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Prostates with benign hypertrophy contain small 
senile acini, but other small acini are also present 
which are round or oval in shape, often in contact 
with one another and arranged in groups. These 
acini are lined by cubical cells with a finely 
granular, deeply eosinophilic cytoplasm or low 
columnar cells with clear reticular cytoplasm often 
with a faint eosinophilic rim at the luminal border. 
The cells are regular and the 'cell borders clear^ 
cut except when secretion is occurring. The nuclef 
are large, round or oval, and pale staining, with a 
delicate chromatin network. Perinuclear vacuola- 
tion of the cytoplasm often occurs (Fig. 3d). The 
basal cells possess thin oval, pyknotic nuclei which 
form a definite rim to the acinus (Fig. 3e). The 
stroma propria is wide and rather cellular, and 
sometimes there is a thin rim of hyaline material 
around the acinus between the basal layer and the 
stroma propria. 

Small, distorted acini which are seen around the 
“ adenomata " in benign hypertrophy are unusual 
only in shape : their histological picture does not 
differ from that of the acini described above. 


prostates and were larger in relationship to the 
size of the cell. They were usually round but 
occasionally oval and varied in staining power. 
They had a definite chromatin network which was 
coarser than that of the nuclei in benign hyper- 
trophy. and there was some condensation of the 
chromatin at the periphery of the nucleus. One or 
two prominent nucleoli were usually present. Ihe 
basal layer of epithelial cells was never present, and 
the altered relationship to the stroma was most 
striking. The stroma propria was absent and the 
malignant acini had grown into the supporting 
stroma separating the muscle fibres and in many 
cases actually rupturing them (Fig. 4). These 
heteroplastic acini were present in every tumour, 
but, in addition, other small acini occurred 
which had the clear reticular cytoplasm of the 
normal adult epithelium, and gradation could be 
seen between these and the more usual eosino- 
philic cytoplasm, but even in these the large 
typical nucleus was usually present and the 
basal layer and stroma propria were always 
absent. 


The small malignant acini 
which formed the main part 
of the tumours in this series 
were usually composed of 
cubical cells, but they varied 
in size and shape, some being 
rather flattened, but in one 
tumour ' giant forms were 
present. The malignant cells 
were definitely larger than 
those of the senile acini and 
were comparable in size to 
those of the small acini in 
benign hypertrophy but dif- 
fered from these in their 
irregular shape and irregular 
luminal border. The cyto- 
plasm varied : it was usually 
finely granular and eosino- 
philic but not so deeply stain- 
ing as that of the small acini 
in benign hypertrophy. A 
small amount of eosinophilic 
secretion was occasionally 
present in the lumen of the 
acini. It is perhaps note- 
worthy that corpora amylacea 
were never seen in the carci- 
nomatous areas. The nuclei 
of the malignant cells were 
larger than those seen in 
normal or hypertrophied 
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Fig. 4. — Typical small malignant acini rupturing a muscle bundle. X 403. 
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The malignant acini were usually round or oval 
in shape, but many were distorted, the lumen 
having been reduced to a slit or absent, and the 
acinus consisted of two parallel rows of cells. 
This appearance depended, in some tumours, on 
the degree of de-differentiation and was commonly 
associated with areas of anaplasia. The cells lining 
these acini were large and irregular and appeared 
to be thrusting out processes into the surrounding 
stroma. Small aberrant acini also occurred com- 
posed of two crescentic cells joined at either pole 
with a lumen between them. In other tumours 
the distorted appearance was the result of stromal 
reaction produced by the tumour. A marked scir- 
rhous reaction was present in four of the tumours 
There were anaplastic areas in 14 of the tumours. 
These areas were in the main small, but in four 
they formed a considerable bulk of the tumours. 
In one tumour the cells had undergone mucoid 
degeneration and presented the typical signet ring 
appearance. 

In addition to the small acini six tumours con- 
tained larger acini which showed intra-acinar pro- 
liferation of cells with a tendency to form small 
acini within the main acinus. The degree of pro- 
liferation varied. Some of the acini were small 
with one part of the wall composed of many layers 
of cells, or one or more cellular papillae projecting 
into the lumen (Fig. 5a). Others were much larger 
and were composed of large masses of cells with 
many small lumina within them so that they 
appeared as aggregations of small acini (see 
Fig. 5c) and resembled cribriform carcinoma of 
the breast (Muir, 1941). Every gradation could 
be seen between these two types, the common 
form. being a large acinus with multiple cellular 
papillae, without a stromal core, often branched 
and united with their neighbours (Fig. 5b). None 
of these acini had a basal layer or a stroma 
propria, but the largest, apparently growing mainly 
by expansion, had compressed the surrounding 
stroma and produced a false capsule around the 
acinus. The cells forming these larger acini were 
similar to those forming the smaller acini in the 
same tumour, but they were usually slightly larger 
and more regular, the cytoplasm usually being 
eosinophilic and slightly granular, but again grada- 
tion could be seen between this and the clear 
reticular cytoplasm of adult prostatic epithelium. 
All the cells in the acinus had the same cytoplas- 
mic appearance ; there was no differentiation of 
luminal cells. The nuclei were similar to those 
of the small acini. Eosinophilic secretion was 
sometimes present within the lumen. 

Abnormal nuclear forms occurred both in the 
small and the large malignant acini. These were 


mainly large and intensely pyknotic, but degenerate 
shrunken pyknotic nuclei with a crenated bor- 
der were also present. These nuclear changes 
occurred in 16 of the 17 prostates with carcinoma. 
Mitotic figures were not seen in any tumour. 

Perineural lymphatic invasion was present in 15 
of the 17 prostates with carcinoma, and in five it 
was extensive. Most commonly there were one or 
two small heteroplastic acini crescentic in shape 
closely applied to the nerve (Fig. 6a). Sometimes 
longitudinal section of a nerve showed many small 
acini occupying the lymphatics along the whole 



Fig. 6a.— Common type of perineural lymphatic inva- 
sion. X 200. 


length of the nerve. It was often remarkable that 
the perineural lymphatics were invaded by the 
most differentiated acini in the tumour. Occa- 
sionally the lymphatics were filled with the intra- 
acinar type of growth (Fig. 6b ), showing that, 
although this type of growth appears to be mainly 
intra-acinar, the acini are definitely invasive. The 
extent of perineural lymphatic invasion appeared 
to depend more on the size of tumour than on the 
degree of anaplasia ; in the most anaplastic tumour 
it w r as only found after a prolonged search. It 
could be found, however, in the smallest tumours 
and must be considered an important and early 
method of spread of carcinoma of the prostate. 

Invasion of blood vessels w'as not common. 
The malignant acini w ere often seen growing in the 
loose connective tissue around the blood vessels, 
but in only four glands w T as there definite evidence 
of invasion of the w'all of small vessels, and in only 
one of these w-ere tumour cells actually seen in 
the lumen. In one other gland the wall of a large 
vein had been invaded. 
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Fig. 6b. — Tntra-acinar type of carcinoma in perineural 
lymphatics. X 200. 


Associated Pathological Conditions. — No patho- 
logical condition outside the prostate was found 
to have a significant connexion with carcinoma of 
that organ, but it is interesting that three of the 
patients with carcinoma of the prostate had car- 
cinoma in other organs: these were carcinoma of 
the head of the pancreas with metastases, car- 
cinoma of the colon with metastases, and a small 


carcinoma of the rectum. None of these tumours 
bore any resemblance histologically to the inci- 
dental carcinoma of the prostate and therefore 
could not be confused with it. The incidence of 
carcinoma in other organs in the whole series of 
142 was 47. (In 500 consecutive routine necropsies 
on males over the age of 15, performed before 
and during this investigation, the incidence of 
carcinoma, excluding carcinoma of the prostate, 
was 134.) 

Calculi were present in 31 of the 142 prostates 
studied, three of which also contained carcinoma, 
but in no case did the carcinoma actually arise 
in an area containing calculi. Similarly 22 of the 
142 prostates showed duct obstruction, focal 
atrophy, and acute inflammation ; three of these 
also contained carcinoma, but in only one did the 
carcinoma actually arise near an area of inflam- 
mation. There is therefore no significant con- 
nexion between carcinoma and prostatic calculi 
or inflammation. 

Sixteen of the prostates with carcinoma also 
showed the changes of benign hypertrophy. The 
seventeenth, from a man aged 49, although large 
(volume, 30 ml.) did not show the histological 
changes of benign hypertrophy. Benign hyper- 
trophy was not found in any gland before the age 
of 40, and its incidence after that age is compared 
with carcinoma in Table I. Statistical analysis 
(Table II) shows that benign hypertrophy and 


Table II 

Incidence of Normal and Carcinomatous Prostates 
with/without Benign Hypertrophy over Age of 40 


1 

Condition 

Prostates 

with 

Carcinoma 

Prostates 

without 

Carcinoma 

Total 

i 

Prostates with l enign 
hypertrophy 

16 

68 

S4 

Prostates without be- 
nign hypertrophy... 

i 

36 

37 

Total 

17 

104 

121 


0.05 > P >0.01 


carcinoma occur together more commonly than 
can be explained by chance. There is a signifi- 
cant connexion between the two conditions ; the 
coefficient of contingency calculated from this 
table is 0.1 S7 and the coefficient of correlation is 
0.207 : these values give some indication of the 
degree of dependence of the two conditions. 
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2-3 ml. It would 
appear that the degree 
of benign hypertrophy 
was greater in glands 
with carcinoma than in 
those without it. 

Precancerous Condi- 
tions. — In 12 prostates 
with carcinoma a char- 
acteristic type of hyper- 
plasia was intimately 
associated with the 
tumours. The hyper- 
plastic acini were large 
and composed of large 
cells, columnar in form, 
with deeply eosinophilic 
cytoplasm, the nuclei 
being strikingly large 
and usually oval in 
shape, although occa- 
sionally round, with a 
well - defined though 
delicate chromatin net- 
work, and situated 

Fig. 7.— Hyperplastic acinus on left compared with normal acinus 'on right. X 260. centrally in the cell. 

The nuclei were some- 

Table III shows the mean volumes of normal, times elongated, filiform in shape and more 
hypertrophied, and carcinomatous glands. The pyknotic. Mitotic figures were sometimes seen, 
volumes of some prostates examined were not The acini were lined by more than one layer of 
recorded, as they had remained in fixative for a cells, and many large cellular papillae projected 
long time and shrinkage .might have occurred, into the lumen. The cell outlines were blurred 

except that the luminal borders and the papillae 
Table III appeared as solid eosinophil projections with nuclei 

Mean Volumes and their Standard Deviations of scattered within them. The papillae were nearly 
Normal and Abnormal Prostates always cellular ; very rarely did they have a 



Condition , 

i 

Number 

°r ! 

Prostates 

Standard 
v ta““ d ™»°" 

Normal 1 

49 

i 21.4 ' 6.389 

Benign hypertrophy 


! ! 

without carcinoma 

63 

30.35 ! 9.277 

\ 

Carcinoma 

16 

41.56 j 24.67 

Total 

I 128 ! 


stromal core. These acini usually had a basal 
layer of epithelial cells and always had a normal 
stroma propria (Fig. 7). Occasionally the cells 
lining the lumen of the acinus, and only these, 
showed some degree of differentiation to the nor- 
mal adult cell with the clear reticular cytoplasm 
and basal nucleus. There is a close similarity 
between the. hyperplastic and malignant cells and 
particularly between the hyperplastic acini and 
those of the intra-acinar type of carcinoma, and 
there is evidence of a gradation between one and 
the other (Figs. 8, 9, 10). 


The small number of glands with carcinoma pre- This hyperplasia occurred not only in prostates 
vents accurate analysis of this table, but it is with carcinoma but in normal glands, and particu- 
interesting that carcinoma occurred more com- larly in those with benign hypertrophy. The 
monly in the larger glands. Except in one case amount of hyperplasia varied. Table IV shows in 
the presence of the carcinoma made very little the whole series of 142 its incidence and extent, 
difference to the volume of the gland, at the most It can be calculated from this table that the 
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Fig. S.— Hyperplastic acinus in which cells have broken through the stroma 
propria into adjacent muscle. X 400. 


composed of acini without 
a basal layer of epithelial 
cells, whereas in the other 
four no specific histological 
features were detected. 

Discussion 

It may be concluded that 
microscopic^ carcinoma of 
the prostate is common and 
occurs particularly beneath 
the capsule in the posterior 
lobe in men over the age 
of 60 years. It infiltrates 
the capsule and perineural 
lymphatics early. 

Such a high incidence of 
microscopic carcinoma is 
difficult to interpret. It is 
well known that some small 
growths in the prostate may 
give rise to Widespread 
metastases (Turnbull and 
Worthington, 1908), and it 
would seem that in these 
latent cases there may be 
some factor, possibly hor- 
monal, that is restricting 
growth and dissemination. 


incidence of this hyper- 
plasia does not increase with 
age but that there is a 
definite increase in its inci- 
dence and extent both in 
benign hypertrophy and 
carcinoma and particularly 
with the latter. 

It is most significant that 
in 41 of the 45 prostates 
with this hyperplasia the 
change occurred in the pos- 
terior lobe and was actually 
confined to this lobe in 27 
of them. The lateral lobes 
were involved in 17 and the 
middle in one. In four cases 
this hyperplasia took part 
in “ adenoma 11 formation, 
one of these being in the 
posterior lobe. 

In one of the prostates 
without the specific hyper- 
plasia the carcinoma seemed 
to arise in an “ adenoma ” 



Fig. 9. — Malignant cells, indicated by arrow, “ budding off” a hyperplastic 
acinus and rupturing the stroma propria. (Note the change in nuclear 
appearance.) X 400. 
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Table IV 

Incidence of Hyperplasia in Normal and Abnormal Prostates 


Condition of Prostates 1 Normal Hypertrophy Carcinoma 


Age Groups: J 

15-29 

30-59 

60-r 

j 15-29 

[ 30-59 

; 60F 

15-29 

30-59 

1 60-r 

Degree * of hyperplasia ... j 

— 

S 1 

38 

2 

0 ! 

17 | 

27 j 

0 

i 1 1 

f 4 


-r j 



0 


! 6 

11 

° 

1 

| 1 


-U U- j 



0 

! o 

0 

6 

0 

0 

3 


+++ | 

0 

0 

i ° 

1 0 

1 

0 ! 

| i 

0 

1 

6 


• The extent of the hyperplasia, i.e., the number of acini showing this change, is indicated by degrees of — . 


A slow rate of growth, however, does not detract 
from the clinical significance. Flynn (1946) 
describes a case of occult carcinoma of the 
prostate which t%ok lZyears to become widespread 
and cause death. 

Although the high incidence of microscopic car- 
cinoma in the prostate is rather puzzling, it must 
be remembered that the prostate has been 
chosen for such a thorough histological investiga- 
tion because of its convenient size. A high inci- 
dence of microscopic carcinoma in other organs 
might be revealed by a similar method of study. 

The close connexion between 
benign hypertrophy and carci- 
noma of the prostate has not 
always been supported by other 
writers. Although Albarran and 
Halle (1900) considered benign 
hypertrophy to be a precancerous 
condition,- Moore (1935) thought 
that carcinoma was intimately 
associated with and probably 
derived from epithelial cells that 
had previously undergone senile 
change, and Rich (1935) that carci- 
noma arose more commonly from 
senile and atrophic glands com- 
pressed by hypertrophied areas. 

Muir ( 1 934) was unable to find 
any predisposing cause except age, 
and Kahler (1939) found no con- 
nexion between carcinoma and 
any other condition. Objections 
to regarding benign hypertrophy 
as a precancerous condition are 
that it is very common, that 
carcinonoma rarely arises in an 
adenoma,” and that carcinoma 


occurs more commonly in the posterior lobe 
which is seldom affected in benign hypertrophy. 
The finding of a distinctive hyperplasia, frequently 
in the posterior lobe, which may undergo malig- 
nant change and is common to both benign hyper- 
trophy and carcinoma, provides a closer link 
between the two conditions. The changes seen 
are similar to those described in carcinoma of 
the breast by Muir (1941), who showed that in 
certain cases intra-duct or intra-acinar hyper- 
plasia preceded neoplasia. Such a similarity was 
also shown by Cheatle and Wale (1929), who 



Fig. JO. — Small malignant acinus, indicated by arrow, appearing to have 
“ budded off T ’ from a hyperplastic acinus and ruptured adjacent muscle 
fibres. X 400. 






















208 


G. 5. ANDREWS 


believed that carcinoma of the prostate may be 
preceded by a “ cystiphorous desquamative hyper- 
plasia.” No evidence was found that cyst forma- 
tion in the prostate was preceded by desquama- 
tion, and it is not clear whether the hyperplasia 
described by Cheatle and Wale was similar to that 
seen in this study, but the ultimate conclusion 
appears to be the same — namely, that certain cases 
of carcinoma of the prostate are preceded by 
hyperplasia. 

Summary 

A detailed histological study of 142 prostates 
removed post-mortem was carried out and latent 
carcinoma found in 12%. 

The criteria of malignancy adopted and the 
histology of the carcinomata are described. 

Latent carcinoma was found most commonly 
beneath the capsule in the posterior lobe in 
men over 60 years of age. It was occasionally 
multifocal in origin. 

Benign hypertrophy and latent carcinoma of the 
prostate are closely associated. 


A specific form of hyperplasia is described 
which commonly occurs in, but is not confined 
to, benign hypertrophy and sometimes becomes 
neoplastic. 

The work was carried out with the help of a grant 
from the Colston Research Society. I wish to thank 
Professor T. F. Hewer, Dr. N. G. B. McLetchie, and 
Dr. O. C. Lloyd for their assistance, and Dr. G. 
Herdan for his help with the statistical analysis of the 
tables. Mr. G. Rogers took the photographs. 
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THE USE OF PANCREATIC EXTRACT AS A GROWTH 
STIMULANT FOR C. DIPHTHERIAE 

BY 

M. GORDON AND K. ZINNEMANN 
From the Department of Pathology and Bacteriology , University of Leeds 

(RECEIVED FOR PUBLICATION, APRIL 13, 1949) 


Gordon (1945), investigating the influence of 
various components of serum on the growth of 
C. diphtheriae, used pancreatic extract (liq. trypsin 
co.) and extract of gastric mucous membrane 
(“ pepsin ”) to prepare serum digests. He found 
that these extracts themselves, particularly the for- 
mer, had a markedly stimulating effect on the 
.growth of C. diphtheriae and that they retained this 
power even after the digestive enzyme content had 
been inactivated by heat. The active principle in 
the pancreatic extract is water-soluble, passes 
readily through a collodion membrane, and is thus 
of low molecular weight. 

Further investigations were undertaken to deter- 
mine whether pancreatic extract could with any 
advantage be incorporated in some of the blood 
tellurite media commonly used for the isolation 
of C. diphtheriae. The heated blood tellurite agar 
of Anderson et al. (1931) prepared with low tem- 
perature meat extract gives excellent type differen- 
tiation but is at a disadvantage when certain 
haematin-sensitive mitis and gravis strains (Glass, 
1937 ; Robertson, 1943) are encountered. This 
difficulty is overcome by using unheated instead 
of heated blood (Glass, 1937). Hoyle’s (1941) 
tellurite medium, though not suggested specially 
for haematin-sensitive strains, permits their growth 
as it contains lysed unheated blood in a Lemco 
agar plate. Hoyle claimed rapidity of diagnosis but 
admitted that type differentiation was inferior to 
that on McLeod’s medium. Johnstone and Zinne- 
mann (1943) used an unheated blood tellurite 
mixture and low temperature meat extract, and 
showed that the low temperature meat extract in 
McLeod’s medium is largely responsible for good 
type differentiation. Hoyle's medium was very 
much improved by the substitution of low tempera- 
ture meat extract for Lab. Lemco broth, and 
Johnstone and Zinnemann's medium prepared with 
Lab. Lemco broth produced growth little better 


than that on Hoyle’s original medium. The 
preparation of low temperature meat extract 
involves a somewhat complicated technique and 
may prove of considerable difficulty' under certain 
conditions. It was thought that the addition of 
pancreatic extract to blood tellurite media might 
prove a useful substitute for low temperature meat 
extract. 

Method 

The pancreatic extract chiefly used for its trypsin 
content was liq, trypsin co. It is made by extracting 
pancreatic glands with dilute alcohol acidified with 
phosphoric acid. The trypsin-containing-fraction is 
precipitated from this solution by alcohol and is then 
dissolved in l°o phosphoric acid, and an equal volume 
of glycerine is added to obtain a product of a more or 
less constant trypsin content. A pancreatic extract 
made for us without glycerine being added, and one 
made in the laboratory by the method described for 
the preparation of Hartley’s broth (Mackie and 
McCartney, 1948) gave equally satisfactory results. 
Pancreatic extracts may vary in strength compared 
with liq. trypsin co., and the optimum concentration 
for incorporation in the medium varies accordingly. 
Before use the liq. trypsin co. was adjusted to pH 7.6 
and boiled for five minutes to sterilize and incident- 
ally inactivate the digestive enzyme fraction. Some 
reduction in the growth-promoting properties of the 
extract occurred if it were sterilized by autoclaving, 
but it still remained quite potent. A slight precipitate 
appeared on boiling the extract, and as its removal 
also resulted in some diminution of growth-stimulating 
properties the precipitate was retained. The boiled 
extract was added to the media to be investigated just 
before pouring. 

The cultures of C. diphtheriae used were a number 
of stock gravis, mitis , and intermedins strains show- 
ing the typical characteristics described by McLeod 
(1943), and also some haematin-sensitive strains. 

Results of the Experiments. — One to 10°o boiled 
liq. trypsin co. adjusted to pH 7.6 was added to (1) un- 
heated lysed blood tellurite agar with Lab. Lemco base 
(Hoyle); (2) heated blood tellurite agar (McLeod); 
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(3) a medium made with unheated blood tellurite mix- 
ture (Johnstone and Zinnemann). Media Nos. 2 and 3 
were prepared both with Wright’s broth (1933) and 
with low temperature' meat extract. On all media 
reinforced with certain concentrations of pancreatic 
extract C. diphtheritic colonies showed markedly 
increased growth, particularly as regards the size and 
depth of single colonies. This was especially noted 
with gravis and mitis strains. The concentrations of 
pancreatic extract required to produce the optimum 
effect varied with the different media and appeared to 
be related to the presence or absence of unheated 
blood and also particularly to the presence of low 
temperature meat extract (see Table). 


Table 


Medium , 

Optimum 
Concentration 
of Pancreatic 
Extract (%) 

Heated blood tellurite agar prepared 

t 

with Wright's broth 

5.0 

McLeod’s tellurite medium 

2.5 

Hoyle’s medium 

2.5 

Johnstone and Zinnemann’s medium 

! 1.0 

l 


Any marked addition of pancreatic extract above 
these percentages may have an inhibitory effect and 
produce smaller gravis and mitis colonies, though inter- 
medins colonies do not appear to be so much affected. 

The increase of the size of the colony on blood 
tellurite media containing pancreatic extract was also 
associated with better type ditferentiation, and this was 
particularly striking on media, such as Hoyle's, pre- 
pared without low temperature meat extract. On the 
latter the differentiation between gravis and mitis 
strains may be confusing, as mitis colonies often 
appear rougher and duller, and gravis colonies 
smoother, than on other media. The addition of 
pancreatic extract to the medium promotes a 
smoother and shinier mitis colony and at the same 
time emphasizes the dullness and roughness of gravis 
colonies (see Figs. 1-6). Also pancreatic extract fur- 
ther emphasizes type characteristics even on media 
prepared with low temperature broth, producing 
round, shiny, confluent mitis and daisy-head gravis 
colonies. 

Pancreatic extract has no influence in promoting 
growth of haematin-sensitive strains of C. diphthcriac 
on heated blood media, but when it is incorporated 
in media permitting their growth it has a stimulating 
effect, though somewhat less than on normal gravis 
and mitis strains. 

The effect of the incorporation of pancreatic extract 
in blood tellurite media on other organisms frequently 
encountered is obviously of some importance, as any 
marked stimulation of their growth may nullify its 
advantage in the recognition of C. diphthcriac from 


routine throat swabs. Culture plates of Hoyle’s 
medium containing up to 5% of boiled liq. trypsin 
co. were inoculated with strains of C. hofnumm , 
B. sitbtilis , streptococci, //. influenzae , and yeast. Of 
these C. hofmanni , streptococci, and B. suhtilis 
showed a slight increase in the size of the colony, 
though much less than the increase of C. diphthcriac 
colonics. B. suhtilis colonies also presented a more 
mucoid appearance but showed no tendency to spread. 
The slightly stimulating effect on these contaminants 
was probably due to the glycerine content of liq. 
trypsin co., as it did not occur if a glycerine-free 
pancreatic extract was used. 

Cantani in 1910 found that C. diphthcriac grew 
exceedingly well on a glycerine blood agar medium. 
This fact was later made use of by Clauberg (1935-6), 
and his Media J1 and III contain a proportion of 
glycerine (1933). Our further experiments showed that 
the glycerine content of liq. trypsin co. played no 
appreciable part in the stimulating effect on the growth 
of C. diphthcriac , and this appeared to be due solely 
to the pancreatic extract. 

The addition of 5% pancreatic extract to Wright’s 
nutrient broth also had a stimulating effect on growth 
of C. diphthcriac , with emphasis on type charac- 
teristics. Thus, of 16 stock gravis strains which during 
subculture over several years had lost the capacity to 
form pellicles on Wright’s broth, nine showed typical 
coarse gravis pellicles when grown in this medium 
reinforced with pancreatic extract. Mitis strains 
grown in it exhibited a surface ring of bacterial growth 
adherent to the wall of the test tube, a characteristic 
first described by Hettche (1935 ; 1935-6). Some mitis 
strains occasionally developed pellicles, but these were 
soft, quite unlike gravis pellicles, and on shaking the 
test tube a uniform turbidity was produced in contrast 
to the coarse, floccular deposit from gravis pellicles. 

Discussion 

Certain workers abroad report difficulties in 
placing a considerable number of their C. diph- 
thcriac strains within the three main types de- 
scribed by McLeod (1943). Although this 
may be due in part to the peculiarities of these 
strains, it is possible that the absence of low tem- 
perature broth in the tellurite media is partly 
responsible. It is an interesting speculation 
'whether the active principles in low temperature 
broth and in pancreatic extract arc similar and, if 
so, whether these are also present in other tissues. 
An effect similar to that of pancreatic extract is 
obtained with extract of gastric mucous membrane, 
and it is noteworthy that Gordon (1945) also 
reported the presence of a potent growth stimulant 
for gravis and mitis strains of C. diphthcriac in an 
aqueous extract of yeast. Recently a growth fac- 
tor for Gram-positive bacteria has been described 
by Darzins (1948), though its characteristics do 
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not suggest that this factor is identical with the 
principle active in pancreatic extract. 

As the growth-stimulating substance in pan* 
creatic extract is still active after the tryptic 
enzyme has been destroyed by heat, the effect here 
described is not comparable to that in media such 
as Hartley's broth (1922), the preparation of which 
depends on active tryptic digestion. Pancreatic 
extract in the form of active trypsin was used in 
tellurite media containing serum by Douglas (1922) 
and Allison and Avling (1929) for the purpose of 
neutralizing an antitryptic power of serum postu- 
lated by A. E. Wright (1915). In the light of the 
present observation the improved growth observed 
on these media may in part have been due to the 
heat-stable component of pancreatic extract rather 
than to the effect ascribed to the tryptic enzyme. 

Owing to the present exceedingly low incidence 
of clinical diphtheria in the Leeds area it has not 
been possible to test tellurite media containing 
pancreatic extract in the routine examination of 
swabs, but the experimental results obtained 
seem to indicate its use being well worth a trial 
especially where low temperature broth media are 
not available. 

Apart from its uses in bacteriological diagnosis 
pancreatic extract may be of importance in the 
production of C. diphtherae toxin, as the latter is 
to some degree dependent on the extent of pellicle 
formation w r hich, as shown, is stimulated by 
pancreatic extract. 


Summary 

Extract of pancreas as prepared for use in tryptic 
digestion contains a thermostable component w'hich 
markedly stimulates growth and also emphasizes 
colonial type characteristics of C. diphtheriae . 

Maximum stimulation of both growth and 
type characteristics is dependent on an optimum 
concentration of pancreatic extract. 

The incorporation of pancreatic extract in 
tellurite media is of practical value for the isola- 
tion and typing of C. diphtheriae. Contaminants 
usually present in throat and nasal swabs are not 
stimulated to any extent. 


Acknowledgments are due to Mr. A. Myers for 
technical assistance, and to Mr. J. Hainsworth for the 
photographs. 
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C. diphtheriae gravis on Hoyle's medium. X 14.2. 
Strain 577/7 incubated for 48 hours. 


Fig. 2. — C. diphtheriae gravis on Hoyle's medium + 2.5% 
pancreatic extract, x 14.2. Strain 577/5 incubated 
for 48 hours. 





-C. diphtheriae mitis on Hoyle's medium. a x 14.2. 
Strain Y 523 incubated for 48 hours. 


Fig. 4. — C. diphtheriae mitis on Hoyle's medium + 2.5% 
pancreatic extract, x 14.2. Strain Y 523 incubated 
for 4S hours. 
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diphtheriae intermedins on Hoyle's medium, 
x 14.2. Strain 214 incubated for 48 hours. 
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Fig. 6. — C. diphtheriae intermedins on Hoyle's mediu 
-b 2.5% pancreatic extract, x 14.2. Strain 
incubated for 48 hours. 
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ERRORS IN THE ESTIMATION OF STREPTOMYCIN 

IN SERUM 

BY 

D. A. MITCHISON,* H. D. HOLT, AND S. H. MOORE 

From the Postgraduate Medical School of London and the Central Public Health Laboratory , Colirtdale 

(RECEIVED FOR PUBLICATION, JANUARY 25, 1949) 


In the report on specific laboratory tests in 
streptomycin therapy of tuberculosis (Medical 
Research Council, 1948) a subcommittee of 
the Medical Research Council recommended two 
techniques for the estimation of streptomycin in 
serum. One of these was a method involving serial 
dilutions in a serum-glucose-phenol-red indicator 
system on a waxed slide, followed by incubation 
in capillary' tubes. The other was an agar diffu- 
sion technique carried out in small diameter tubes. 
An attempt has been made to assess the errors 
involved in using these two techniques under 
laboratory conditions similar to those in' which 
they will actually be used. 

Plan of Experiment 

During the past two years estimations of strepto- 
mycin in serum have been made at Colindale using 
the capillary' tube technique, whereas at the Post- 
graduate School of London the agar diffusion 
method has been used. One of us (D.A.M.) pre- 
pared a series of thirty sera containing known 
quantities of streptomycin. Each ^erum was 
divided into two portions, one of which was 
sent to Colindale and assayed by the capillary 
tube technique (H.D.H.), and the other was 
assayed at the Postgraduate School of London by 
the agar diffusion method (S.H.M.). At the 
beginning of the experiment it was agreed that the 
range of streptomycin concentrations should be 
between 4 and 50 ^g./ml., which is the usual 
range found in patients on intramuscular therapy. 
No other information about the experimental plan 
was communicated till the end of the experiment, 
and no comments were passed on the results 
obtained. 

The thirty sera tested were prepared; as follows. 
Serum was obtained from healthy people and from 
ambulant' patients attending for a variety of com- 
plaints. None o f them was being treated with any 
• In receipt of a grant f>om the Medical Research Council. 


form of chemotherapy. Serum from a different per- 
son was used for each specimen. The specimens were 
made up by adding appropriate quantities of an 
aqueous solution of streptomycin hydrochloride 
(Merck, Batch 594) containing 1,000 Mg* /ml. Portions 
of the same solution were used for preparing the stan- 
dards at the Postgraduate School of London and at 
" Colindale. Three specimens were prepared on the 
same day and estimated together. Estimations were 
done on ten different days over a period of a month.* 
On every' day one each of the specimens was made 
up within each of the subranges 4-8.99, 9-19.99, 20- 
50 Mg-/ ml. Altogether there were thus ten specimens 
within each of these subranges. The concentrations 
within each subrange were selected at random from 
all possible concentrations using a table of random 
numbers. The labelling of the specimens w’as also 
strictly at random. 

Techniques 

Capillary Tube Method (Medical Research Council, 
1948). — The indicator medium contained 1 part horse 
serum, 1 part 10 per cent glucose, 2 parts water, and 
phenol red as an indicator. To this was added 
sufficient of a 24-hour broth culture of Klebsiella 
pneumoniae III to make a dilution of 1 in 50. Serial 
dilutions were made in drops of saline on w r axed slides 
with a Pasteur pipette, and to each of these an equal 
volume of the indicator medium was added. Capil- 
lary tubes w f ere filled from the drops and incubated 
horizontally with the ends unsealed for 24 hours at 
37° C. A standard containing 16 Mg- /ml. w^as pre- 
pared in horse serum and set up in the same w'ay at 
the same time. The reading was determined by com- 
parison with the standard. 

Agar Diffusion Method (Mitchison and Spicer, 1949). 
— One per cent nutrient agar (Japanese) with a pH 
adjusted to 7.8-8.0 contained in 1-oz. screw-capped 
bottles was seeded with an 18-hour broth culture of 
Staphylococcus aureus (N.C.T.C. 7361), to make a 
final dilution of 1 in 1,000. The agar w^as distributed 
with a Pasteur pipette into a series of tubes 7 to 
8 cm. long, 3 mm. in internal diameter, and sealed at 
one end. The sera were pipetted on to the tops of 
the agar columns. Standards were prepared in human 
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serum containing 4 and 50 /*g./ml. Six tubes were 
set up for each standard and four for each test serum. 
After 24 hours’ incubation at 37° C, the depth of the 
zone of inhibition is measured to the nearest 0.1 mm. 
using the traversing millimetre scale of a microscope 
with a crosswire in the eye-piece. The average of the 
readings from each scrum was squared. The square 
of the zone of inhibition was linearly related to the 
log of the streptomycin concentration. A graph was 
plotted, one axis being log 10 streptomycin concentra- 
tion and the other axis the square of the zone of 
inhibition. The two points given by the readings of 
the standards were plotted and a straight line’ drawn 
between them. From this line the log l0 of the strepto- 
mycin concentration in the test sera could be read off. 


TABLE I 

RESULTS OF ASSAYS OF STREPTOMYCIN IN SERUM 


Day 

True value 

(ftg./ml.) 

Estimated value 

Capillary 
tube method 
frig./ml.) 

Agar diffusion 
method 
(ftg./ml.) 

1 

8.79 

4 

8.9 


11.63 

16 

13.2 


26.74 

32 

23.4 

2 

7.85 

32 , 

7.2 


10.65 

11 

10.0 


20.16 

1 21 

17.3 

3 

' 5.50 

16 

4,7 


15.20 

20 

12.0 


48.48 

64 

47.9 

4 

8.90 

5.3 

8.0 


10.18 

11 

10.0 


21.34 

11 

20.9 

5 

4.48 

21 

4.8 

: 

16.87 

43 

18.6 


45.49 

64 

53.7 

6 

6.33 

6 

8.3 


8.37 

8 

9.8 


20.01 

S 

22.4 

7 

7.50 

16 

7.4 


19.25 

32 

24.6 


44.92 

48 

72.4 

S 

4.14 . 

12 

4.5 


10.39 

8 

11.2 


37.47 

' 24 

37.2 

9 

4.22 

16 

4.1 


lo!57 

8 

9.5 


42.52 

24 

45.7 

10 

8.83 

8 

8.1 


18.91 

16 

18.2 


43.50 

32 

45.7 


Details of the results obtained are given in 
Table I. The results were converted into log 10 
value and the estimated values, of .streptomycin 
concentration were plotted against the true values 
(Figs. 1 and 2). A regression line of estimated 
on true values was calculated. From the result- 
ing analysis the following information was 
obtained : 

1. A deviation of the mean of the estimated 
readings from the mean of the true readings would 
indicate a general tendency to either under- or 
overestimate the streptomycin concentrations. In 
neither of tilt methods was there a systematic 
tendency of this nature. 

2. The regression coefficients were tested for 
deviations from 1.0. There was no real difference 
in the case of the agar diffusion method (regres- 
sion co-efficient 1.04101 ±0.06370). In the case of 
the capillary tube method the value found dif- 
fered significantly from 1.0 (regression coefficient 
0.5S485±0. 14509). This indicates a systematic 
error tending to overestimate low. values and 
underestimate high values of streptomycin con- 
centration. Thus, apart from experimental varia- 
tion, where the estimated value is 4 ^g./ml., the 
true value will be about 69 per cent less, and where 
the estimated value is 50 jig./ml. the true value 
will be about 86 per cent greater. 

3. An estimate of the error of both techniques 
was obtained. The question requiring an answer 
is : At any^ estimated level of streptomycin concen- 
tration what are the limits within .which the true 
value lies ? For nineteen out of fwenty assays the 
true value will lie within the fiducial limits that 
have been plotted in Figs. 1 and 2. Some 
representative values in numerical terms are given 
in Table II. 


TABLE ir 

FIDUCIAL LIMITS OF TRUE VALUES 


Estimated 

value 

/ig./ml. 

Agar diffusion 
method 
/ig. /ml. 

Capillary 
tube method 

jig./ml. 

50 

- 63-34 

737-11.7 

32 

41-22 

343- 5.5 

16 

21-11 

115- 1.84 

S 

11-5.7 

• 32- 0.58 

4 

6.0-2. S 

9.8- 0.15 


STREPTOMYCIN IN SERUM 
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Vri. !.— Oiffa^bn 
Method. JThe log m of 
the estimated values 
o$' the streptomycin 
:oncentration have 
been plotted against 
the log, 0 of the true 
values. A regression 
. line has been fitted 
to the points and the 
fiducial limits (P = 
0.05) for the true 
values plotted. The 
vertical lines repre- 
sent the streptomycin 
concentration in the 
two standards used. 



z 



LOG,* OF TRUE VALUES.' OF STREPTOMYCIN CONCENTRATION 
FIG. 2. -Capillary Tube Method. The \og l0 of the estimated values of the streptomycin concentration have been plotted 
against the log t0 of the true values. A regression line has beenhtted to the points and the fiducial limits (P = 0.05) 
for the true values plotted; The vertical line represents the streptomycin concentration in the standard used. 
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Discussion 

From internal evidence (Mitchison and Spicer, 
1949) the standard error (in logarithm units) of a 
typical assay using the agar diffusion technique 
was given as ±0.0422. Owing to the use of sera 
derived from different individuals this figure should 
be multiplied by 1.73, resulting in an estimated 
standard error of ±0.0730. This figure is in good 
agreement with the estimates of the standard error 
obtained in this experiment. For instance at the 
mean of the estimated values the standard error 
was ±0.0660. 

It is clear that the errors involved in the capillary 
tube method are very large, and are particularly 
great when the readings on the test and control 
differ by more than one or two tubes. It might 
be advisable to set up standards at more than one 
streptomycin concentration with the test sera to 
be assayed. Even so the result of one estimation 
alone is highly unreliable. In view of the systema- 
tic tendency to underestimate high values and over- 
estimate low values, even numerous readings 
will give fallacious answers unless several differ- 
ent standards are set up. The reasons for this 
systematic error are not clear. May and others 
(1947) indicate that organisms are inhibited by a 
higher concentration of streptomycin when serum 
water is diluted in saline. In the technique used 
here, serum dilutions are made in saline so that 
proportion of serum in the drops falls with each 
successive dilution. This might explain our find- 
ings. It might be advisable to carry out a similar 
experiment diluting the test serum in normal serum 
rather than in saline, in which case the composi- 
tion of each drop would be constant. We feel that 
it is important that an estimate of error should 
be made of any new technique of assay which is 
Iried. 

Notes on the Statistical Analysis. — Let the log 10 of 
the- true values be x and of the estimated values y. 
A regression line fitted to the values will have the 
form y = y + b (.* — .v). For the two sets of data 
-we have, where si is the standard error of i, the 
Jesuits shown in Table III. 


TABLE III \ 

STATISTICAL ANALYSIS OF CAPILLARY TUDE AND AGAR 
DIFFUSION METHODS 


! 

Capillary 

tube 

method 

Agar 

diffusion 

method 

.V .. .> 

1.14257 

1.14257 

y 

1.21640 

1.15343 



0.065896 

0.004058 

s x 

±0.04687 

±0.01163 

b i 

0.58485 

1.04101 

s b 

±0.14509 

±0.06370 

Deviation of b from 1 .0 t 

2.861 

0.842 

28 degrees of freedom P 

0.01-0.001 

0.5-0.4 

Deviation ofyfrom a: t 

1.575 

0.934 

28 degrees of freedom P 

0.2-0. 1 

0.4-0.3 


The fiducial limits for .r were calculated from 


Summary. s 

Known concentrations of streptomycin within 
their range 4-50 jig./ml. were made up in 30 
specimens of serum and assayed by a capillary 
tube technique and an agar diffusion technique. 
The capillary tube technique was shown to under- 
estimate high concentrations of streptomycin and 
overestimate low concentrations. Fiducial limits 
of the true concentration expected from any esti- 
mated value within this range have been calculated. 

We wish to thank Dr. C. C. Spicer for advice in 
connexion with the statistical analysis. 
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STUDIES IN VITRO ON THE MATURATION OF 
ERYTHROBLASTS IN NORMAL AND 
PATHOLOGICAL CONDITIONS 

BY 

GIOVANNI ASTALDI AND PAOLO TOLENTINO 

From the Department of Internal Medicine, University of Pavia, and the 
Department of Paediatrics . University of Genoa , Italy 


(received for publication, march 25, 1949) 


During the past few years we have been study- 
ing the mechanism of the maturation of erythro- 
blasts by observing the survival in vitro of bone 
marrow cells. By this means the maturation of 
erythroblasts of adults and children, both normal 
and pathological, has been followed in physio- 
logical and various experimentally modified con- 
ditions. We believe that this method furnishes 
more accurate information on the maturative 
activity of normal and pathological bone marrow 
man morphological studies of biopsy specimens 
recorded by means of maturation curves or indices. 


Method 


Our method consists in the introduction of 1-2 ml. 
°t aspirated heparinized bone marrow into small 
Carrel flasks, the marrow being obtained from the 
sternum in adults and from the diaphysis of the long 
hones in children. Equal amounts of heparinized. 
Plasma from the same patient and of Ringer, or, pre- 
ferably, Tyrode solution, are added. A small quantity 
of the suspension is immediately removed for erythro- 
oyte and reticulocyte counts. The latter are performed 
°n films stained with brilliant cresyl blue. We deter- 
mine the percentage of reticulocytes relative to the 
erythrocytes, and the maturation curve according to 
hleilmeyer (dividing the reticulocytes for the sake of 
convenience) into three groups only : (1) Group “ O,” 
corresponding to ortho chroma tic erythroblasts ; 

^ rou P “ A,” or reticulocytes, Types I and II ; 
f) Group “B” or reticulocytes, Types III and IV of 
Heumeyer. Erythroblast counts are also made on 
ms stained with May-Griinwald-Giemsa. Both the 
Percentage relative to the erythrocytes and the matura- 
i°n curve (after Pontoni) of the erythroblasts are 
determined. 


Immediately after the removal of the specimens 
required for counting the culture flasks are incubated 
a . C* Further specimens are removed for counting 
a mtervals of six or twelve hours, up to the 96th hour 
°r later. All these operations are performed under 
conditions of bacteriological sterility. 


• After counting, the percentages of erythroblasts and 
reticulocytes are converted into absolute values by 
using the known absolute erythrocyte counts, and, for 
ease of inspection, the data are charted, times being 
represented on the abscissae and cell counts on the 
ordinates. Besides the graphs showing the absolute 
values, it is also useful to draw curves of relative 
values, such as the maturation curve after Pontoni 
(1936) and the reticulocyte curve after Heilmeyer (1942). 

Under our experimental conditions the maturation 
of erythroblasts and reticulocytes continues, but their 
proliferation comes to an untimely end. We can 
therefore evaluate the approximate maturative rhythm 
of erythroblastic tissue from a study of our matura- 
tion curves. 

It would, however, be a mistake to assume that the 
events occurring in vitro are necessarily identical with 
those in the living organism. Conditions in vitro 
differ fundamentally from those in the body in the 
following respects. The conditions of both anabolism 
and catabolism are dissimilar. There is an absence of 
nervous and hormonal control (with the exception of 
hormonal or other factors contained in the culture 
medium). In cultures mature elements persist, 
whereas in the living organism they enter the circu- 
lating blood. The normal mechanism of the destruc- 
tion of blood is absent. 

In experiments carried out by this technique normal 
and pathological erythroblasts show distinct differences 
in their behaviour, although they live in an identical 
medium. This fact permits the conclusion that any 
such differences observed in vitro depend on intrinsic 
differences in cellular constitution. Moreover, by 
means of this method we are able to modify the 
culture medium, and thus to study directly the effects 
of chemical, physical, or hormonal agents on bone 
marrow cells. 


Results 

A. Normal Bone Marrow. — This section sum- 
marizes the results in adults and children of various 
ages of Astaldi and Bemadelli (1945, 1946), and 
of Astaldi and Reggiani (1946a, -b). 
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Fig. 1. — Maturation oferythroblasts in culture of normal 
adult bone marrow. Note progressive relative 
decrease of basophil and polychromatic, and increase 
of orthochromatic, forms. 

The maturation curves (Fig. 1) show that, while 
polychromatic erythroblasts predominate in the 
early stages of culture, their number declines from 
the 18th to the 20th hour, at which stage it equals 
that of the orthochromatic cells. Also basophilic 
erythroblasts are becoming less numerous at the 
same time. Towards the thirtieth hour ortho- 
chromatic cells begin to predominate. 

The absolute number of orthochromatic erythro- 
blasts increases at an early stage, sometimes as 
soon as the sixth hour, and reaches a maximum 
at 12 to IS hours, more rarely at 24 hours. Later 
it declines progressively to fall below the initial 
level at 72 hours. 


Coincident with the decrease in the orthochro- \ 
matic erythroblasts, a moderate increase in the 1 
most immature reticulocytes (Group “A”) is 
observed. 

The fall in the number of reticulocytes of 
Group “ A ” is followed by a rise in those of 
Group “ B,” which are generally considered as 
approaching full maturity ; later, however, these 
also disappear (Fig. -2). 

These results show that maturation is possible 
in vitro ; basophil erythroblasts- become poly- 
chromatic, then orthochromatic, and eventually, 
by loss of their nuclei, reticulocytes. Finally, the 
reticulocytes mature. The duration of the differ- 
ent phases of maturation is: 18-24 hours for the 
basophil-polychromatic, and 12-24 hours for the 
polychromatic-orthochromatic stages ; about 24 
hours for the transformation from orthochromatic 
erythroblasts to reticulocytes of Group “ B,” and 
24-36 hours for the final maturation to adult ery- 
throcytes. The cycle of complete maturation thus 
requires about 100 hours in vitro. 

Orthochromatic erythroblasts mature partly to - 
reticulocytes of Group “ A/’ but also to those of 
Group “ B,” or directly to adult erythrocytes. 
When stained with brilliant cresyl blue, they can 
often be seen to contain fragments of granulo- 
filamentous substance, in consequence of an 
asynchronism between nuclear and cytoplasmic 
maturation ; these elements, following the elimina- 
tion of their nuclei, will later appear asTeticulocytes 
of Group “ B ” or as adult erythrocytes. 

The work of Tolentino (1947) on erythroblasts 
and reticulocytes in children of different ages gives 
results more or less similar to those observed in 
adults, as far as infants and children of pre-school 


Fig. 2. — Maturation of 
reticulocytes in culture 
of normal adult bone 
marrow: Group “O,” 
orthochromatic 
erythroblasts; Group 
“ A,” reticulocytes 
with reticular granulo- 
' filamentous substance ; 
Group “ B,” reticulo- 
cytes with filamentous 
and granular sub- 
stance. 







THE MATURATION OF ERYTHROBLASTS 


219 


Fig. 3.— Maturation of " 
orthochromatic 
erythroblasts in bone 
marrow cultures 
from normal children 
showing also delay in 
extrusion of nucleus 
in neonates. Normal 
maturation in older 
children. 

to a delayed extrusion 
of the nucleus of 
orthochromatic ery- 
throblasts has been 
noticed (Fig. 4, Case 
I). This difficulty of 

and school ages are concerned. In neonates up to maturation was still evident in circulating erythro- 
.one month old, there is a normal maturation of blasts (Fig. 5): it seems therefore that these 
the reticulocytes, accompanied by a delay in the erythroblasts are useless for the production of 
maturation of the orthochromatic erythroblasts : adult circulating erythrocytes, 
values of 25% of the observed maximum are still We have called the phenomenon of delayed 
found at the end of the experiments (Fig. 3). extrusion of the nucleus “nuclear deficiency” for t 

This slow maturation might perhaps explain the morphological reasons : it may, however, originate 
great frequency of erythroblastaemia at this age in a more complex protoplasmic deficiency. It has. 
when there is an abnormal peripheral demand proved particularly evident in the most serious 

for erythrocytes, as in haemolysis, haemorrhage, cases : in slighter cases, marrow erythroblasts have, 
or cyanosis. It thus becomes unnecessary to on the other hand, shown a behaviour not far 
postulate the presence of an extramedullary from normal (Fig. 4, Cases HI and IV). 
haemopoiesis. It is a noteworthy peculiarity that erythroblasts 

B. Erythroblastoses. — In this group of diseases which do not eliminate their nuclei show a com- 
we have chosen cases of Cooley’s anaemia, con- plete maturation of the cytoplasm : in fact, while **’ 
genital haemolytic disease, and infantile kala-azar, getting older, they lose those remnants of the baso- 
all of which are accompanied by erythroblastosis phil substance which can normally be demon- 
and haemolysis. strated in many orthochromatic erythroblasts by 

Cooley's Anaemia . — The first investigations of suitable stains like brilliant cresyl blue. 

Fieschi and Astaldi (1946) were followed by those Haemolytic Disease of the. Newborn. — We have 
of Astaldi and Reggiani (1946a, b), and unpub- so far investigated two cases of this disease follow- 
lished ones by Astaldi and Tolentino. These have ing in vitro the behaviour of medullary' and cir- 
shown that erythro- 
blasts mature nor- 
mally down to the 
orthochromatic-. stage. 

. In more serious cases, 
as in that published 
by Astaldi and 
Reggiani, a tendency 


Fig. 4. — Maturation of 
orthochromatic 
erythroblasts in bone 
marrow cultures 
from patients with 
Cooley’s anaemia, 
and delayed extru- 
sion of nucleus in 
some cases. 
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Fig. 5.— Culture of im- 
mature erythrocytes 
from blood of a 
severe ease of 
Cooley's anaemia 
showing gross delay 
in extrusion of 
nucleus of ortho- 
chromatic crythro- 
blasts. "Normal 
maturation of 
reticulocytes. 

/ 

the blood does not in 
this disease prejudice 
the production of 
adult functioning ery- 
throcytes. None the 
less, the less intense 
and slower matura- 
tion in one of our two 



dilating erythroblasts and reticulocytes. As in 
the case of Cooley’s anaemia we have also been 
able to extend our study to the circulating elements 
(Astaldi and Tolentino, 1946). This is obviously 
impossible in normal subjects. 

Fig, 6 shows that we found a decrease in the 
number of erythroblasts to one-fifth of the initial 
value in one case, and to one-third in the other, 
both towards the 48th hour. The reticulocytes of 
Group “ A ” fn the first case diminished progres- 
sively, disappearing completely as early as the 30th 
hour, while those of Group " B ” had disappeared 
at 70 hours. In the second case the corresponding 
figures were 48 and 84 hours. 

On the whole we may say that erythroblasts 
mature normally, compared with the values 


cases, compared with the other, reproducing the 
clinical and haematological differences, appears.to 
show that there may be a superadded marrow 
failure, accounting for a delayed maturation. 

Leishmaniasis . — We have observed that matura- 
tion proceeds as usual from basophil to ortho- 
chromatic erythroblasts, and that the reticulocytes, 
too, mature normally. On the other hand, there 
appears to be an obstacle to the extrusion of the 
nuclei in orthochromatic erythroblasts, when these 
are compared with normal elements (Fig. 7). This 
difficulty does not seem to be connected either 
with the inhibitory action of the spleen, or with 
the number of parasites present in the bone 
marrow : even in such cases it seems to be a func- 
tion of the clinical and haematological condition 


obtained in normal 
neonates. Further, 
circulating erythro- 
blasts may mature 
completely, as we ob- 
served in vivo in one 
of the two cases, in 
which there was a 
remarkably high num- 
ber of erythroblasts 
in the peripheral 
blood. It follows that 
the passage of nuc- 
leated elements into 

Fig . 6 , — Normal matura- 
tion of orthochro- 
matic erythroblasts 
in cultures from two 
children with haemo- 
lytic disease of the 
newborn. 
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of the patient, and a result of exhaustion of the 
bone marrow in consequence of the severe and 
long-continued haemolysis. Failure of ortho- 
chromatic erythroblasts to extrude their nuclei 
(“nuclear deficiency ”) which has been evident in 


all our cases of Leishmaniasis, may possibly lead 
to their accumulation in the bone marrow ; if so, 
an increased percentage of orthochromatic erythro- 
blasts in maturation curves may actually be an 
indication of a check in maturation. 


Fig. 7. — Maturation of 
orthochromatic 
erythroblasts in bone 
marrow cultures 
from four children 
with leishmaniasis 
showing delay in 
extrusion of nucleus. 
(The delay was 
greatest in the most 
severe cases.) 


C Pernicions 
Anaemia. — Astaldi, 
Baldini, and Frugoni 
(1946a, b, . 1948) 

studied the explanted 
bone marrow of 
patients with per- 
nicious anaemia, com- 
paring the maturative 
rhythm of megalo- 
blasts with that of 
normoblasts. In this 
way they were able to 
demonstrate that the 
evolution from the 
basophilic to the 
orthochromatic stage 
is slower for the 
megaloblast than for 
the normoblast, the 
whole process requir- 
ing not less than three 

Fig. 8. — Maturation of 
erythroblasts in bone 
marrow cultures 
from a case of 
pernicious anaemia 
showing delayed 
maturation from 
basophil to ortho- 
chromatic stage, 
corrected by addition 
of liver extract. 
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days for the former, but not more than two days 
for the latter (Fig. 8). 

D. Effects of Various Agents. — Our method is 
suitable for the study of temperature and various 
agents on cells surviving in vitro . 

Temperature . — The influence of temperature on 
the process of maturation of erythroblasts and 
reticulocytes has been studied in several experi- 
ments. In these it was found that, within certain 
limits, an increase of temperature above 37° C. 
accelerates the process, but at' temperatures above 
42° C. there appear signs of cellular damage, such 
as lysis. A decrease of temperature inhibits 
maturation, which practically ceases below 20° C. 

Liver Extracts. — Astaldi, Baldini, and Frugoni 
have* demonstrated an acceleration in the matura- 
tion of megaloblasts in pernicious anaemia, fol- 
lowing the addition of liver extracts to the culture 
medium. The evolution from the basophil to the 
orthochromatic stage appeared to be quicker in 
the presence of extract than in the controls (Fig. 8). 

Spleen Extracts . — Tolentino ' and Lombroso 
(1947) found a delay in the maturation of 
normal erythroblasts following the addition to 
the cultures of pathological human spleen extract 
from a case of lipoidosis. A delay in the matura- 
tion of erythroblasts was also observed in another 
- case, in which both the cells and spleen extract 
were obtained from the same patient with Cooley’s 
anaemia. 

Niacin . — Niacin may have an accelerating influ- 
ence on the maturative rhythm of megaloblasts 
surviving in vitro, as shown by the work of Astaldi 
and Baldini (1948). In contrast to the action of 
liver extracts, however, the addition of niacin does 
not lead to a normoblastic transformation of the 
megaloblasts. 

Colchicine. — Astaldi, Mauri, and Tolentino 
(1948) have described a delaying action of 
colchicine on the maturation of normal bone 
marrow cells in vitro. 


Summary 

The method we have described and adopted has 
proved useful in the study of the maturation of 
erythroblasts and reticulocytes. The .following 
applications have been of practical value. Stan- 
dard values of the duration of maturation in vitro 
for normal subjects at various ages have been 
obtained. 

We have been able to point out that some appar- 
ently sound and authoritative theories in the 
dynamics of haematology may stand in need of 
revision: thus our demonstration of possible delays 
at the orthochromatic stage is in contrast to the 
accepted view (Fieschi, 1946, and Rohr, 1940) that 
inhibition of the maturation of red cell precursors 
always leads to a “ shift to the left” in the medul- 
lary formula. The significance of maturation 
curves or indices becomes thereby less clear cut. 

We have been able to show that marrow failure ~ 
may express itself in “ nuclear deficiency ” of 
orthochromatic erythroblasts, and to formulate a 
hypothesis explaining “the various phases of the 
clinical and haematological picture found in 
Cooley’s anaemia, haemolytic disease of the new- 
born, and leishmaniasis. It has been possible to 
demonstrate the influence on the maturation ol 
erythroid cells of various factors applied in vitro. 

The Editor is grateful to Dr. F. Gunz, of the Radio- 
therapeutic Department, Cambridge, for bis transla- 
tion of this paper. 
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DEXTRAN AS A MEDIUM FOR THE DEMONSTRATION 
OF INCOMPLETE ANTI-Rh-AGGLUTININS 

(PRELIMINARY REPORT) 

BY 

KUNE GRUBB 

From the Department of Bacteriology, the University, Lund. Sweden 
(RECEIVED for PUBLICATION, FEBRUARY IS. 1949) 


Dextran is a polysaccharide which is formed by 
Leuconostoc mesenteroides and has the composi- 
tion (glucose-ELO) n. A structural formula has 
been suggested by Levi and others (1942). Gron- 
wall and Ingelman (1945) and Ingelman (1947) 
have shown that a partly hydrolysed 6 per cent 
solution of dextran in normal saline, of molecular 
weight approximately- 100,000, is a suitable plasma 
substitute, and it has been used as such in Sweden 
for some years. 

Experimental Observations 
A woman with anaemia due to a ruptured 
ectopic pregnancy, had received 760 ml. of a solu- 
tion of dextran just before the withdrawal of 
blood for determination of her Rh group by the 
rapid slide method. The cell suspension was made 
in the patients own serum. It was known that the 
test sera used gave weak or no agglutination if 
the cells were suspended in serum that had been 
diluted with normal saline. In the present case 
the saline for dilution contained 6 per cent dextran, 
and strongly positive reactions were observed, the 
control (cell suspension only) showing no agglu- 
tination. The activity of incomplete anti-Rh-anti- 
bodies in a solution of dextran was therefore 
investigated. 

Method. — EIe% r en sera with incomplete anti-Rh- 
antibodies with litres between 1:8 to 1:1,600 were 
titrated against fresh cells of type O RjR, and O rr 
in: (1) normal saline, (2) normal human serum (a 
mixture of ten sera), and (3) the solution of dextran 
used as a plasma substitute. 

The technique used was as follows: tubes measured 
8 x 0.8 cm. and 0.25 ml. volumes were placed in 
each tube. The cell suspensions w'ere made in the 
same media as the serum dilutions. The tubes were 
incubated for four hours at 37° C. They w’ere gently 
shaken before reading and reactions were read by 
means of a hand lens. An irregular contour was not 
in itself considered evidence of a positive reaction. 


Results.— Normal human serum and dextran 
had about the same enhancing effect on the incom- 
plete agglutinins in the sera tested, and titres varied 
between 8 and 1,600. In saline medium agglutina- 
tion was not observed beyond the serum dilution 
I : 2. The Rh-negative cells ware not agglutinated. 

The enhancing effect of dextran on these agglu- 
tinins vanished below’ a concentration of 2.5 per 
cent dextran (the dilutions of dextran made in 
normal saline). 

The enhancing effect of dextran on incomplete 
anti-Rh-agglutinins was also observed if a small 
volume of serum dilution and cell suspension 
(about 0.01 ml. each) are incubated for three hours 
at 37 c Ct and the results read under the micro- 
scope. On such readings the cells in the control 
tubes often show a rouleaux-like arrangement, and 
if the salt concentration is increased to 1.5 per 
cent this pattern is more pronounced. If, on the 
other hand, the salt concentration is lowered, the 
cells are more evenly distributed, and at a concen- 
tration of 7 per cent dextran and 0.65 per cent 
NaCl no such pattern is observed although an 
enhancing effect is still retained.* 


TABLE 

TITRES AGAINST SHIGELLA BACILLI 



Normal saline 

6% dextran 

Chicken serum I 

400 

3.200 

Chicken serum II . . - 

j 

1 200 

3.200 


Sera from two chickens that had been immunized 
with Shigella bacilli were titrated in normal saline 
and in a medium of dextran (6 per cent dextran 

* Swedish dextran was used throughout the experiments, but a 
sample of English dextran «ras examined and showed the enhancing 
efTect, However, this sample was more liable to- give 3 rouleaux- like 
arrangement of the cells than the Swedish dextran. 
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in 0.9 per cent NaCl). The results (see Table) 
were read after incubation for twenty-four hours 
(four hours at 37° C. and then twenty hours at 
room temperature). 

Sera from five patients suffering from infection 
with Brucella abortus were titrated against this 
organism using saline and dextran as media. The 
titre of the agglutinins was not increased by the 
use of the dextran medium. 

Discussion 

Dextran gives a perfectly water-clear solution 
that keeps at room temperature and is free from 
natural agglutinins. The solution is commercially 
available, is relatively inexpensive, and may be 
autoclaved. Its composition is well defined and 
can therefore be kept constant. It is unquestion- 
ably active in revealing the agglutinating effect of 
incomplete anti-Rh-antibodies. These qualities of 
dextran make it worth while investigating the con- 
ditions which are optimal for the test in regard to 
concentrations, specificity, activity, and avidity. 
Such a study must include trials of dextran of 
differing molecular size with varying concentra- 
tions of different electrolytes against a large panel 


of cells and sera. Until this has been done the 
activity of dextran cannot justly be compared with 
the activity of other materials used in the demon- 
stration of^ the incomplete antibodies. 

Dextran is a polymer of glucose, but glucose is 
not achye in producing an agglutinating activity 
of incomplete anti-Rh-antibodics (Diamond and 
Denton, 1945). As the molecular size of dextran 
can be varied without difficulty, a new approach 
is opened to the study of the physico-chemical 
conditions that are required for the demonstration 
of agglutinins in incomplete anti-Rh sera. 

The preliminary character of the present study 
is obvious, and it is not suggested that dextran. 
should be used exclusively in Rh-testing on the 
basis of these observations. 

Summary 

Incomplete anti-Rh-antibodies were found to 
be active in a solution of dextran. 
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HAEMOLYTIC ANAEMIA 

BY 

MERVYN GATMAN* AND LEONARD HAMILTON 
From the Department of Medicine . University of Cambridge 
(RECEIVED FOR PUBLICATION, MARCH 4, 1949) 


The application of the technique described by 
Coombs and others (1945) has made it possible to 
demonstrate serological differences between cases 
of congenital and acquired haemolytic anaemia. 
This test determines the red cell agglutinating effect 
of serum from rabbits immunized against human 
serum globulins. Agglutination of the sensitized 
cells with a rabbit anti-human-globulin serum is 
taken to mean that the red cells have adsorbed 
an immune antibody globulin from the plasma ; 
this adsorbed globulin reacts with the antiglobulin 
rabbit antibody Causing agglutination. Boorman 
and others (1946) demonstrated that washed red 
cells from patients with acquired haemolytic 
anaemia were agglutinated with rabbit anti- 
human-globulin serum, whereas similarly treated 
cells in seventeen cases of congenital haemolytic 
anaemia were not Evans and others (1947) 
found that the red cells of two patients with 
acquired haemolytic anaemia were readily agglu- 
tinated by an immune rabbit serum containing an 
anti-human-globulin antibody. Moreover, the anti- 
body adsorbed on the sensitized red cells could 
be eluted and readsorbed on to normal group O 
cells. 

The antibody has been shown to be lipoido- 
philic, but has never been identified as due to 
any specific antigen. Under the title of “ sympto- 
matic haemolytic anaemia ” many cases in the 
older literature are attributed to such causes as 
syphilis, tuberculosis, ‘streptococcal septicaemia, 
paratyphoid fever, and cirrhosis of the liver ; 
and more recently haemolytic anaemias have 
been described in association with Hodgkin’s dis- 
ease, sarcoma of the spleen, reticulo-endotheliosis, 
leukaemia, sarcoid, carcinoma of the pancreas, and 
■Salmonella infection. 

This case of haemolytic anaemia is reported 
because of the observation that in a patient with 
a history strongly suggestive of syphilis the eluted 
antibody gave a positive Kahn reaction even 


though the serum Kahn and Wassermann were 
both negative. The subsequent improvement with 
antisyphilitic treatment affords further support to 
the specific aetiology of the haemolytic process. 

Case Report 

The patient was a male aged 69 years, and married. 
He was admitted to Addenbrooke’s Hospital, Cam- 
bridge, on May 21, 1946, complaining of shortness of 
breath and general weakness since May, 1944. There 
was no relevant family history. 

In 1922, in Marseilles, he had contracted a venereal 
infection which had resulted in a swelling on his penis. 
This was treated by a French doctor with local appli- 
cation of lotion, and the swelling disappeared. He 
was not given any injections, and there is no record 
of a Wassermann reaction having been done. 

In 1936 he had a swelling of the right side of hiT 
scrotum, which, was accompanied by a slight pain in 
the right testicle. He was treated with lotion, and the 
swelling disappeared. 

In 1938 a friend noticed that he was jaundiced. He 
felt well, and he had neither nausea nor loss of appe- 
tite, but he thought he ought to remain in bed until 
the yellow colour had disappeared, which it did in 
three weeks. He had no recollection of the colour of 
his stools or urine at this time. 

In 1939 he had a vesicular eruption on the right 
side of the face which lasted six weeks and left a 
residual scarring. 

The present illness began in February, 1944. when 
for a brief period he felt tired and breathless. He saw 
his doctor, but the condition improved rapidly and he 
returned to work. By May, 1944, he found he was 
again getting bhort of breath when walking and he 
felt tired, especially after going upstairs, but these 
_symptoms did not progress. He had had no tingling 
in hands or feet, and he had been free from cough, 
palpitations, and pain in the chest. He was given 
daily liver injections by his doctor. After these he 
noticed that his urine was red and soupy with sedi- 
ment. This continued for the next nine to twelve 
months, but his urine had been orange-yellow during 
the year before admission. His stools for the same 
period had been yellow ochre in colour, bulkier than 
formerly, and offensive. He had not noticed any 
greasiness in them. 
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TABLE I two fingers' breadth below the costal margin and was 

moon examination: may 21, 1946 not tend cr to deep palpation. His spleen, palpable 

„ — below the costal margin, was firm but not tender. No 


Red cells 

1.6S miilions/c.mni. 

Haemoglobin 

6. 1 5, g./ 100 ml. 

M.C. lib 

36.6 yy 

M.C.V 

116.1 c ft 

M.C. Hb cone. 

31.5% 

Reticulocytes 

58% 

Leucocytes 

1 1.9. thousands/c. mm. 

Differential W.B.C . 
Neutrophils: 


Myelocytes 

None 

Juvenile cells 

12/c.mm. 

Stab cells 

477 

Segmented cells 

S.S05 „ 

Eosinophils . . 

595 

Basophils 

298 „ 

Lymphocytes (large) ■ 

665 „ 

Lymphocytes (small) 

1,012 „ 

Monocytes 

59 „ 

Platelets . . • • ■ 

4S7, 000/c. mm. 

Film : 

Stippled cells 

Anisocytosis . . . . j 

Moderate 

Moderate 

Poikilocytosis 
* Macrocytosis . . 

Slight 

Moderate 

Abnormal cells 

Normoblasts 

119/c. mm. 

Arneth 1 

5% 

M 94 49 * * 

11% 

„ 3 

29% 

4 

35% 

„ 5 

20% 


His doctor had noticed yellowness in his eyes for 
two years, but he himself had never noticed a similar 
colour in his skin during this period. He had had no 
bleeding from the gums or nose, and no bruising or 
spots, nor had he noticed any increased tendency to 
bleed. Since December, 1945, he had had a gnawing 
pain in the upper abdomen which came on two or 
three hours after meals. The pain began in the upper 
left quadrant and radiated over to the left side or 
occasionally over the middle upper abdomen. The 
pain was relieved by taking further food and by 
alkalis. Despite this new complaint he had felt that 
during the past five months his breathlessness and 
tiredness had been better. 

He had increased frequency of micturition at night 
and a marked decrease in his exercise tolerance. 

When examined, his conjunctivae were yellow and 
he had a mild icteric tinge to his skin. His mucous 
membranes were pale, but he had no angular stoma- 
titis and .his tongue was natural. His pupils were 
normal and reacted to light and accommodation, and 
no abnormality- in the central nervous system was 
detected. His" respiratory and cardiovascular systems 
were normal. 

There was some distension of the abdomen without 
any tenderness, and the liver was enlarged from one to 


other abnormal masses were felt, and no definite 
scarring could be detected on the penis. There were 
no significant lymph nodes palpable. He had a 
staphylococcal urinary infection which responded to 
treatment with sulphathiazole. 

Special Investigations. — Electrocardiograms and 
radiographs of chest, abdomen, and bones were 
normal. 

Urine. — Reaction, acid : specific gravity, 1019 ; 
sugar, nil ; albumin, a trace ; urobilin, strong posi- 
tive. Deposit showed 50 red blood cells and 10 
leucocytes per field, no casts or crystals, but profuse 
staphylococci. 

Faeces .* — Yellow ochre' in colour; urobilin,- 1.940 
mg. per 1 00 g. 

Blood.— N.P.N., 51 mg. per 100 ml.; total proteins, 
6.4 mg. ; albumin, 4.3 mg. ; globulin, 2.1 mg. : fibrino- 
gen, 0.46 g. ; cholesterol. 140 mg. 

Laboratory investigations showed that the van 
den Bergh test was a direct negative, but the quantita- 
tive test gave a reading of 4.0 mg. azobilirubin per 
100 ml. of serum. 

The results of a full blood examination are set out 



DIAMETER IN ^ 

Fig, 1 . — Red cell distribution curve. Arithmetic mean = 
7,23 /i; standard deviation o ~ 0.965 ^; coefficient 
of variation 13.3 per cent. 
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Ftg. 2. — Quantitative fragility test. 



in Fig. l. the results of the fragility test in Fig. 2, and 
the sedimentation rate in Fig. 3. 

The Wassermann and Kahn reactions were nega- 
tive, as also were the Donath-Landsteiner reactions. 
The blood was group B and Rh-negative. There 


was slight autohaemolysis when the patient's cells 
were in contact with his fresh serum at room 
temperature. 

The patient’s cells were washed three times in saline 
and added to rabbit antiglobulin serum; this gave a 
strong agglutination ; that is, the antibody, y globulin, 
was absorbed on the patient’s cells. 

The patient’s serum (freshly centrifuged immedi- 
ately after withdrawal) was absorbed by cells of the 
same group, W'hich were then washed three times in 
saline. When these cells were added to rabbit anti- 
clobulin serum there w-as slight agglutination only 
(that is, there w-as a trace of antibody in the serum). 

The Kahn reaction, on the eluate obtained after 
preliminary heating of the patient’s cells in contact 
with saline at 56° C. for 30 minutes, w-as positive ++. 
The Wassermann reaction remained negative. Con- 
trols with normal cells under similar conditions were 
negative. 

Saline eluate obtained from the patient’s cells was 
added to washed group O normal cells. These 
group O cells agglutinated with anti-globulin serum 
at 37° C. at room temperature, and at 4° C. 

Progress. — The staphylococcal urinary infection 
improved with sulphathiazole. The patient was given 
a course of iodides and bismuth as it was considered 
that arsenic or penicillin might provoke a serious 
Herxheimer reaction and it was recommended that 
he be given a series of transfusions.. For this pur- 
pose he went to Southmead Hospital in July. 1946. 
At this time his haemoglobin was" 5.6 g. A trans- 
fusion of 1 pint of w-hole blood and 2 pints of packed 
cells raised his haemoglobin to 10.9 g., the trans- 
fusion being without reaction or abnormal incident. 
The transfused cells did not survive long in his 
circulation, and seven days later the haemoglobin 
level had again dropped to 6.7 g. 

Twelve days after the first transfusion he was given 
a further transfusion of 3 pints of packed cells, again 
without reaction, and his haemoglobin level rose to 
9.5 g., but a fortnight later was back at 7.4 g. 

He had no further transfusions until September, 
1946, w-hen he had two, each of 1 pint of whole 
blood. The first pint raised his haemoglobin level 
from 6.0 to 7.0 g., and a week after the second pint 
his haemoglobin was 7.7 g. From that time onwards 
his anaemia improved and his haemoglobin level 
showed a steady rise up to 10.5 g. on Nov. 1, 1946 
(Fig. 4). Every time blood was taken it was tested with 
rabbit anti-human~globu]in serum, and it was always 
strongly agglutinated. He w'as seen at intervals subse- 
quently, the last time being on May 26, when his 
haemoglobin w-as 12.7 c. and the red cell count 3.64 
million per c.mm, of blood. On May 31 an estimation 
of the sternal bone marrow- was made, and the results 
are summarized in Table II. Apart from soire com- 
plaints of epigastric discomfort he was free from 
unpleasant symptoms and there had been no relapse, 
although the haemolytic process was still to some 
extent active. 
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Fig. 4. — Haemoglobin levels: data supplied by Tovey and Hackett. 


Discussion faeces were those of haemolytic anaemia. This 

This case had been previously diagnosed and clearly illustrates that the haemolytic syndrome 
treated for several years x as refractory pernicious ma y he a cause of macrocytic anaemia, 
anaemia, though when the patient was admitted It is interesting to note that there was a staphylo- 
to Addenbrooke’s Hospital the appearances were coccal urinary infection. This has been known to 

those of severe haemolytic anaemia with a macro- produce a haemolytic anaemia, but in this case 

cytic tendency, the bone marrow being of the the treatment of the urinary infection left the 

macronormoblastic type. The red-cell distribu- haemolytic process unaffected and it appears prob- 

tion curve showed double peaks, the spherocytic- able, therefore, that this infection was not the 

cells being microcytic. The plasma, urine, and aetiological factor. 


HAEMOLYTIC ANAEMIA 


229 


The history of venereal disease, and the fact 
that a lipoidophilic antibody is present in syphilis, 
suggests as a possible explanation of the haemolytic 
process that the invasion of the erythropoietic tissue 
by the Treponema pallidum resulted in the pro- 
duction of an antibody sufficiently specific to be 
selectively adsorbed on to the red cells and yet 
capable of producing a positive Kahn reaction. 
The fact that the antibodies were almost com- 
pletely adsorbed on to the red cells may explain 
why the Wassermann and Kahn reactions were 


TABLE II 

STERNAL BONE MARROW.* MAY 31, 1946 


Total nucleated cell count 

187,000/c. mm. 

Leucocyte series: 

% 

Myeloblast 

0.5 

Promyelocyte . . 

1.0 

Neutrophil : 


Myelocyte 

5.75 

Juvenile 

5.5 

Mature 

16.25 

Eosinophil : 


Myelocyte 

1.5 

Mature 

1.5 

Basophil : 


Myelocyte 

— 

Mature 

0.25 

Lymphocyte . . 

3.0 

Monocyte * . . . . 


Plasma cells . . 

1.75 

Nucleated red cells: i 


Haemocytoblast . . i 

1.75 

Pro-erythroblast 

3.5 

Early normoblast \ 

30.0 

Intermed. normoblast f 

Late normoblast 

21.25 

Intermed. megaloblast \ 

6.5 

Late megaloblast f 

Myeloid: erythroid ratio 

1:2 


both negative. Very little antibody was found 
in the serum, but it could be eluted readily from 


the red cells by means of saline at 56° C. The 
antibody could then be readsorbed on to hetero- 
logous red cells. This eluted antibody caused 
marked flocculation of the Kahn antigen as per- 
formed in- the standard Kahn reaction. Controls 
using normal red cells under the same conditions 
produced negative results. Moreover, the washed 
red cells of the patient were strongly agglutinated 
with rabbit anti-human-globulin serum. Coombs 
(1947) examined the red cells from ten consecu- 
tive patients diagnosed as syphilitics with posi- 
tive Wassermann reactions and no haemolytic 
anaemia. He found no evidence of red cell sensi- 
tization and he observed similar negative findings 
in three cases of pernicious anaemia and in one 
case of macrocytic anaemia associated with chronic 
nephritis. 

It is unusual for an acquired haemolytic anaemia 
of such long standing and in a patient of this age 
to have responded to a few transfusions. Follow- 
ing the initial rapid haemolysis of the transfused 
cells there has been a continuous and steady 
improvement in the patient’s condition. .It is 
reasonable to assume that the anti syphilitic treat- 
ment played a significant role in this recovery. 

Summary 

A case of acquired haemolytic anaemia in an 
old subject with a probable syphilitic aetiology 
was found to respond to simple antisyphilitic 
treatment and a few transfusions. The syphilitic 
reaction was demonstrated by eluting the antibody. 

We are grateful to Sir Lionel Whitby for allowing 
us to publish a report of this case, which was under 
his care, and to Dr. Tovey and Dr. Hackett, South- 
West Regional Transfusion Centre, for the follow-up 
data. 
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TECHNICAL METHODS 

\ 

/ 

ESTIMATION OF ^-AMINOSALICYLIC ACID IN BLOOD 

BY 

H. V. STREET 

From the Crumpsoll Hospital , Manchester 
(RECEIVED FOR PUBLICATION, JANUARY 3, 1949) 


Owing to the increasing use of p-aminosalicylic 
acid in the treatment of tuberculosis, it was con- 
sidered that a simple method employing an ordin- 
ary single-cell type of photoelectric colorimeter for 
the estimation of the drug in blood was desirable. 

Several methods of determining it have been 
repotted. Way and others (1948) use a modification 
of the Bratton-Marshall (1939) method for deter- 
mination of sulphonamides. The method of Morris 
(1941) has been modified by Klyne and Newhouse 
(1948) who use 0.5 ml. blood, and by Spinks (1948) 
(using 0.1 ml. blood). These latter procedures 
involve anil formation \yith p-dimethylamirtobenz- 
aldehyde. Although Spinks’s method apparently 
gives satisfactory results when the optical densities 
are measured on a spectrophoto- 
meter, it was found not to be very 
sensitive when a single cell direct 70 * 
reading type of photoelectric colori- 
meter was used. 

Tennent and Leland (194S) outline ^ 
a somewhat similar procedure to the ^ 
method described below, in which they q so - 
use tvvo reactions. (1) The p-amino- < 
salicylic acid in acid solution is coupled * 
with diazotized p-nitroaniline, followed * 40 - 
by the addition of sodium hydroxide £ 
to give a red colour ; and (2) a blue £ . 
colour is produced when both the * 30 “ 
p-aminosalicylic acid and the p-nitro- ° 
aniline are diazotized, followed by o 20 _ 
coupling in the presence of pyridine u 
and the addition of sodium hydroxide. 

The effect of interfering materials is io - 
eliminated by reading both the red and 
the blue colours at 620 mp, using the * / 

former as a blank for the latter. 7 

The following method, which appears 
to be more suitable for use with the 


simple photoelectric colorimeter and when only 
small quantities of blood are available, has been 
devised. 

Method 

The proteins of blood are precipitated with tri-. 
chloroacetic acid. p-Nitroaniline is added to the 
supernatant, and this and the p-aminosalicylic acid 
are diazotized with sodium nitrite. On the addition 
of sodium hydroxide coupling occurs and a purple 
dye is produced. Coupling presumably takes place 
initially at the p-position to the hydroxyl group of the 
p-aminosalicylic acid, which* is probably followed by 
further coupling with more of the p-nitroaniline. 

The stability of the colour is shown in Fig. 1. The 
intensity is at a maximum immediately after forma- 
tion and decreases gradually on standing. This de- 
crease, which is only slight after the solution has been 


20 mg. PAS/ 1 00 mt 


IS mg PAS/100 ml. 


10 mg PAS/100 ml 


5 mg PAS/ 1 00 ml 

— mg PAS/100 m\ 

t t l i_J _ 1 l t i -l I — , — i 1 — 

4 i *8 "10 12 14 16 18 20 22 24 26 28 30 

MINUTES AFTER ADDING NaOH 

Fig. 1. — Stability of colour. 
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allowed to stand for 15 minutes, becomes smaller with 
decreasing concentration of /^-aminosalicylic acid. 
The following reagents were used: 

1. 1.5N-trichloroacctic acid. 

2. Sodium nitrite 0.5 per cent (w/v). This solu- 
tion should be renewed after two weeks. 

3. p-Nitroanilinc 0.1 per cent (w/v) in 0.25 N- 
hydrochloric acid. 

4. 2 A r -sodium hydroxide. 

5. p-Aminosalicylic acid standard. 11.4 mg. of 
anhydrous sodium p-aminosalicylatc (or 13.8 mg. of 
the dihvdrate) are dissolved in distilled water and 
made up to 100 ml. This solution is equivalent to 
10 mg. p-aminosalicylic acid/ 100 ml. 

0.2 ml. whole blood was, measured into 3.2 ml. 
distilled water in a centrifuge tube. It was mixed well 
and allowed to stand for 3 minutes for the cells to 



Fig. 2. — Typical calibration curve. 


lake. Then 0.6 ml. trichloroacetic acid solution was 
added, mixed thoroughly, allowed to stand for 10 
minutes, and centrifuged for 10 minutes. To 3 ml. of 
the clear supernatant liquid was added 0.3 ml. sodium 
nitrite solution and then 2 ml. of the p-nitroaniline 
reagent. This was mixed w'ell and allowed to stand 
for 3 minutes, w'hen 2 ml. sodium hydroxide solution 
w f as added. The colour was read after 15 minutes in 
a photoelectric colorimeter, using a green filter (Ilford 
No. 404). A reagent blank w r as prepared by using 
0.2 ml. distilled w'ater in place of the blood. 

Standards w r ere prepared from suitable dilutions of 
^.an aqueous solution of the dihydrate of sodium p- 
aminosalicylate and were used in the construction of 
a calibration curve (see Fig. 2). Since this curve is 
rectilinear, a single standard may be employed as anr 
alternative and the following calculation used: 


Concentration of unknowm = 

Read i ng of unkno w n x Concentration of s(andard 
Reading of standard 

A blank of the order of 1 mg./ 100 ml. is given by 
normal blood. The recoveries from w'hole blood are 
shown in the Table. 


TABLE 

RECOVERIES FROM WHOLE BLOOD 


/xg. Added 

fig. Found 

% Recovery 

5 

4.6 

92 

10 

9.0 

90 

20 

19.0 

95 

30 

27.0 

90 

40 

37.0 

93 

Mean recovery j 

1 

92% 


Summary 

A simple method for the estimation of p-amino- 
salicylic acid in blood is described. 

0.2 ml. of blood is required. 

An ordinary single-cell photoelectric colorimeter 
is used. 
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CONCENTRATION OF MEGALOBLASTS 


AN AID IN THE DIAGNOSIS OF PERNICIOUS ANAEMIA 

by 

K. S. RODAN 

From Southlands Hospital, Shorcham-by-Sca 


(received for publication, march 31, 1949) 


Typical megaloblasts, whose presence is so essen- 
tial for the diagnosis of pernicious anaemia, are 
not often seen in the peripheral blood film. A 
method of concentrating these cells, therefore, 
should be of great assistance in the diagnosis. 

The buffy coat in a haematocrit tube consists 
of white cells, which, in spite of their larger size, 
fall with less velocity than the smaller red cells. 
This consideration suggested that the bigger, 
nucleated red cells might be found in increased 
numbers in or immediately beneath the white cell 
layer, and this has proved to be the case. Inciden- 
tally, both macrocytes and microcytes are found 
concentrated in this area, thus exaggerating the 
typical pernicious anaemia picture. A further 
point of interest is the study of the white cells 
themselves, which in ordinary films are very scarce, 
owing to the generally occurring leucopenia. 
Cooke’s Type I and II cells can thus be conven- 
iently studied. 

Method 

Venous blood is collected in a tube containing 
Wintrobe’s oxalate mixture, centrifugalized in a 
haematocrit tube, and the mean cell volume read- 
ing taken in the usual way. A Pasteur pipette, with 
an even tip, is then carefully inserted and part of the 
white layer, as well as the corpuscles ‘ immediately 
below it, aspirated. Enough plasma is normally 
obtained by the capillary action of the pipette for 
the resuspension of the cells. A small drop is placed 
on one end of a clean slide, and with a corner of 


another the cells are gently mixed and quickly spread 
in the usual manner. Three to six slides are made, 
as it will be found that the staining capacity, as well 
as the concentration of nucleated cells, varies between 
films. Megaloblasts at different stages of maturity 
will sometimes be found in different films. The films 
arc allowed to dry and stained at once. It will be 
found that, in general, cells are well stained, little 
distorted, and easily recognizable. No rouleaux 
formation is seen. Sometimes, however, distortion 
is such as to prevent accurate determination of their 
structure, and it is advisable in such cases to repeat 
centrifugalization at a lower speed and for a shorter 
time. 

In twelve cases examined, only one did- not show 
typical megaloblasts in the peripheral film by the 
concentration method. Five minutes’ search revealed 
on an average 12 nucleated erythrocytes. In contrast, 
only two cases showed megaloblasts without concen- 
tration. When sternal punctures were performed to 
complete a full examination this step proved superflu- 
ous in 11 cases. The daily use of the concentration 
method after the beginning of liver treatment showed 
that the megaloblasts survived for three or four days 
in the peripheral blood. Disappearance of these cells, 
therefore, is an indication of response to liver treat- 
ment. Although the method described gave good 
results in pernicious anaemia, there is no advantage 
in its use in hypochromic anaemias. One case of 
aleukaemic leukaemia was examined, and it seemed 
to be of value in the diagnosis. 

I wish to thank Dr. F. C. O. Valentine for his 
.comments, and Miss D. Low and Mr. J. Newman, 
technicians at South Shields, for their assistance. 
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This section of the Journal is published in collaboration with the two abstracting journals , 
Abstracts of World Medicine , and Abstracts of World Surgery , Obstetrics and Gynaecology , published 
by the British Medical Association. In this Journal o/ the more important articles on subjects 

of interest to clinical pathologists are selected for abstract , and these are classified into- four sections: 
bacteriology ; biochemistry ; haematology ; and morbid anatomy and histology . 


BACTERIOLOGY 

Aureomycin, a New Antibiotic. Results of Laboratory 
Studies and of Clinical Lsc in 100 Cases of Bacterial 
Infections. Finland, M., Collins, H. S., and Paine 
T. F. (I94S). J. Amcr, mcd. Ass., 138, 946. 

The authors summarize the results of laboratory 
studies on aurcomycin and its use in 100 cases of bac- 
terial infections at Harvard : 186 strains of various 
pathogenic bacteria were tested by dilution or “streak” 
plate methods. Haemolytic streptococci, pneumococci, 
gonococci, and meningococci were inhibited by 1 n g. per 
tnl., while staphylococci and most Gram-negative bacilli 
were inhibited bv 25 /xg. per ml., except Proteus vulgaris 
and Pseudomonas aeruginosa, which required a con- 
centration of 100 to 250 fig. per ml. for inhibition. No 
cross-resistance with penicillin, streptomycin, polymyxin, 
or bacitracin was found, nor was resistance to the anti- 
biotic readily produced either in vitro or in vivo. No 
aurecmycin-inhibiting substance could be shown to be 
produced by aurcomycin-resistant strains. The size of 
the inoculum influences the concentration of aureomycin 
required for inhibition of growth in the tube-dilution 
method of assay. The dry powder was stable at room 
temperature, and in aqueous solution of pH 4 there was 
no loss of potency after 2 weeks at 4 C C. Aureomycin 
is most active in acidf solutions and is not adsorbed by 
the usual bacterial filters. 

The antibiotic appears rapidly in the urine and is 
excreted for 2 to 3 days after a single oral dose of 0.5 g., 
the maximum concentration — up to 256 /xg. per ml. — 
being present for 2 to 16 hours and appearing 4 to 8 
hours after the dose. Plasma levels (estimated by un- 
satisfactory methods) of about 2 pg. per ml. W'ere 
°btained with oral doses of 1 g. 6-hourIy. 

The clinical effect of oral administration of aureo- 
JJKm in empirical dosage to 100 patients w*as estimated, 
vjeed results were obtained m 49 of 66 patients with 
gonorrhoea ; failures were most frequent m those 
receiving 1.5 g. or less daily, but in larger doses the 
results compared closely with those obtained with 
Penicillin. Four patients with pneumococcal pneumonia 
and one with'meningococcal septicaemia were treated, 
and a rapid response obtained. One of 5 typhoid-fever 
patients improved soon after treatment was begun, and 
m 3 cases the response was steady and gradual and all 
cultures from blood, urine, and faeces were negative for 
Salmonella typhi after 2 to 3 days. One of 3 patients 
yntn severe salmonella infection improved rapidly but 
tne remainder died, as did a patient with Bacterium coli 
ct* 5 *!? 611113 . Aureomycin was used in 16 cases of long- 
standing urinary infection complicated by the presence 
? . er lesions. Pyuria disappeared in half the cases, 
I* 111 ln ntost there was symptomatic relief. In some, 

owever, strains of Proteus vulgaris , Ps. aeruginosa , and 

cc *‘ coli resistant to aureomycin appeared. Favourable 
results were obtained in 2 cases of non-specific urethritis. 


No sign or symptom of toxicity was found, save 
infrequent looseness of the bowels. 

Aurcomycin : A New Antibiotic with Virucidal Proper- 
ties. I. A Preliminary Report on Successful Treatment 
in Twenty-five Cases of Lymphogranuloma Venereum. 
Wright, L. T., Sanders, M., Logan, M. A., Prigot, 
A., and Hill, L. M. (1948). J. Amer . mcd. Ass., 
138, 40S. 

The 25 cases of lymphogranuloma inguinale treated 
with aureomycin fall into three groups : (1) 8 patients 
with buboes ; (2) 3 with proctitis-; and (3) 14 with 
benign rectal strictures. In the first group, treatment 
consisted of a single daily intramuscular injection 
of 20 mg., with in 2 cases a single injection of 20 mg. 
into the bubo. In all cases there was a reduction in 
size of the bubo after 4 days, and in the 3 in which 
elementary' and initial bodies had been found, these 
disappeared after about 9 days. For the second group 
of patients treatment was similar, the total doses being 
60, 200, and 220 mg. respectively. After 4 days 2 had 
lost all tenderness and discharge, and in the third rectal 
bleeding ceased after 8 days. Of the 14 patients in the 
third group, 5 had previously undergone colostomy for 
obstruction and one had a recto- vaginal fistula. In 
12 the stricture was so pronounced that not even 
the tip of the finger could be inserted at the time of 
the patients’ admission to hospital. Treatment con- 
sisted of daily intramuscular injections of 10 or 20 mg. 
of aureomycin, with total doses ranging from 169 to 
1,000 mg. There was cessation of rectal discharge and 
rectal bleeding in almost all, and of tenderness in all 
cases. There was no change in the stricture in II out 
of the 14. 

The authors regard their results as encouraging, and 
recommend further large-scale investigations of this 
antibiotic. 

Chemotherapy of Tuberculosis with Sulphetrone. Clay, 
M. G., and" Clay, A. C. (1948). Lancet, 2, 180. 

Forty-two patients with pulmonary' tuberculosis ware 
treated with “ sulphetrone.” Evaluation of sulphetrone 
treatment was based on the radiological picture, weight, 
erythrocyte sedimentation rate, sputum analysis, tempera- 
ture range, and general condition of each patient before 
and after the course. Of the 42 cases, 7 were thought to 
have a good prognosis at the start of treatment, and all 
7 patients improved; 5 patients in whom the prognosis 
was hopeless died. Of 8 patients with a fair prognosis 
4 Improved, 2 w'ere unchanged, and 2 became worse. Of 
22 with a poor prognosis 9 improved, 3 were unchanged, 

4 became W'orse, and 6 died. Of the 42 cases 34 were 
sputum-positive before treatment, and 31 were still 
sputum-positive after treatment. 

The dosage scheme was similar to that described bv 
Madigan (see Lancet, 194S, 2, 174-ISO), In addition to 
the toxic effects he described, the present authors report 
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changes in the alkali reserve of the blood, particularly in 
patients with a low vital capacity. In 6 cases toxic 
reactions necessitated withdrawal of sulphetronc. 

The authors believe that, while it could not be proved 
that the results obtained were due to sulphetronc, the 
evidence is suggestive enough to warrant further trials 
in selected cases. 


Infection by Penicillin-Resistant Staphylococci. Barber, 

M., and Rozwadowska-Dowzenko, M. (1948). 

Lancet , 2, 641. 

This report deals with an extension of previous work 
by one of the authors ; it is shown that the incidence of 
penicillin-resistant strains of Staphylococcus pyogenes 
giving rise to infection in the hospital in which the work 
was carried out is increasing. 

Specimens from 100 patients with staphylococcal 
infections were examined. From 59 patients penicillin- 
resistant strains of Staph . pyogenes were isolated ; from 
39 all colonies were resistant and from 20 both resistant 
and sensitive strains were isolated. Comparison with 
previous results showed that the incidence of patients 
yielding penicillin-resistant strains had risen from 14.1% 
in 1946 to 38% in 1947 and 59% in 1948. It was found 
that 34 of the 59 penicillin-resistant strains were originally 
isolated from 48 mixed cultures, whereas only 25 peni- 
cillin-resistant strains were isolated from 52 pure cultures. 
All the 59 resistant strains produced penicillinase, and 
strains showing a minor degree' of resistance were not 
encountered. 

Streptomycin sensitivity was tested in 97 strains : 55 
were penicillin-resistant, 13 were penicillin-sensitive 
strains isolated in association with 13 of the resistant 
cultures, and 29 were penicillin-sensitive strains isolated 
from cases yielding no penicillin-resistant colonies. All 
42 penicillin-sensitive and 53 of the 55 penicillin-resistant 
strains showed a sensitivity to streptomycin similar to 
that of the Oxford staphylococcus. 

It is considered that the widespread use of penicillin 
causes resistance in staphylococci in two ways : either a 
strain acquires resistance to penicillin or naturally resist- 
ant organisms, originally few, may survive while sensitive 
organisms are destroyed. In the present study it was 
found that, as regards penicillin-sensitive strains, 4 
patients had had previous treatment with penicillin but 
37 strains came from patients who had had no previous 
'penicillin treatment. In the case of resistant strains, 29 
came from cases with previous treatment and 30 from 
cases without such treatment. 

Weil’s Disease. Analysis of 195 Cases in England. 

Broom, J. C., and Alston, J. M. (1948). Lancet , 2, 96. 

The authors investigated 195 cases of leptospirosis 
diagnosed serologically in their laboratories between 
1940 and 1946. Any degree of agglutination o ^Leptospira 
ictcrohaemorrhagiae by blood serum, they regarded as 
suspicious, but when a titre is 1 in 300 or less confirmation 
is sought. 

Analysing the occupations of the patients they dis- 
tinguished between bathers (5%) and those working in 
water (7 %) on such work as bridge repairs, because in the 
latter infection through the conjunctiva and mouth 
seemed unlikely. Of the cases 95.6% were in males. 
The jaundice rate (90%) and the case-fatality rate (22%) 
were both high, possibly because all patients were those 
requiring admission to hospital. Evidence is adduced 
that many cases of leptospirosis escape recognition. 


Four Cases of Leptospira canicola Infection in England. 
A Symposium. Laurent, L. J. M., Norris, T. St. M., 
Starks, J. M., Broom, J. C., and Alston, J. M. 
(1948). Lancet , 2, 48. 

The authors report 4 cases of Leptospira canicola 
infection occurring in England. They point out that, 
though canicola fever has been reported in man from 
most European countries, hitherto only one case has been 
fully investigated in England. The disease is very wide- 
spread among dogs all over the world. The 4 cases here 
detailed presented signs of meningitis with fever, a 
macular rash, and conjunctivitis. There were obvious 
changes in the cerebrospinal fluid. The diagnosis was 
obtained by demonstrating a high agglutination titre 
against L. canicola in the patients’ plasma, and the 
evidence tabulated leaves no reasonable doubt about the 
• correctness of this diagnosis. It is suggested that the 
possibility of lcptospiral infection should be considered 
in all cases presenting signs of lymphocytic meningitis. 

Jos, B, Ellison . 

. The Treatment of Typhoid Fever by the Use of Vi 
Anti-typhoid Bacteriophages. A Preliminary Report. 
Desranleau, J. (1948). Canad. J. pttbL Hlth ., 39, 317. 
Not all strains of Salmonella typhi arc sensitive to phage 
Type II, and Archambault and the author found that 
the need for carrying out preliminary sensitivity tests on 
the infecting strain before propagating Type II bacterio- 
phage, a process occupying some days, delayed the 
commencement of treatment unduly. To minimize this 
delay a mixture of Types I to IV was prepared ; in 
vitro this ’polyphage was found to attack all Vi forms of 
S. typhi and also to keep for long periods in the ice box. 
The6retically, therefore, this mixture should serve for 
the treatment of all cases of typhoid, provided the 
infecting strains arc in the Vi form. 

The polyphage was used in the treatment of *20 cases 
of typhoid fever, the dosage and method of Knouf et of. 
being followed. Reactions similar to those described by 
the same observers were noted ; transitory rigor with 
some increase in pyrexia occurred some hours after 
injection and was followed by a rapid fall in temperature 
to subnormal but, within 24 to 4S hours, the temperature 
returned to normal and the “ typhoid aspect ” dis- 
appeared. Five patients were treated in the early septi- 
caemic stage (presumably during the first week) ; their 
blood cultures became negative “ immediately ” and no 
organisms were recovered from the dejecta. The results 
were variable among patients whose treatment com- 
menced only when S. typhi had been isolated from the 
stools.- More than half the cases responded in the same 
striking way as did the early cases, but the remainder 
required one or two additional doses of the polyphage 
“ because of various complications.” All of the patients 
recovered. The author concludes that intravenous 
injection of Vi-antityphoid bacteriophages yields good 
results during the early stage of the disease, and if given 
at a later stage affords effective protection in most cases, 
although the organism may be excreted for some time 
(3 women became carriers). 

Caronamide and Penicillin. Scrum Levels in Human 
Beings, Following Multiple Doses of the Drugs. 
Meads, M., Long, R. V., Pace, S. H., and Harrell, 
G. T. (1948). J. Amer. med, Ass., 138, 874. 

The effect of caronamide given by mouth 4-hourly for 
3 days on the serurn penicillin levels of 17 patients was 
studied. None of them was over 60 years old or showed 
evidence of impaired renal, cardiac, or hepatic function,. 
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and all received 100,000 units of penicillin 4-hourIy for 
7 days. On the 2nd, 3rd, and 4th days caronamide was 
given 4-hourly, half an hour before meals. From 7 
patients receiving 2 g., and from 5 receiving 4 g ;# I to 3 
blood samples were taken 4 hours after administration 
of the drugs, and from 5 patients receiving 4 g. samples 
were taken after 2 hours. Scrum was stored at — -20 5 C. 
The penicillin content was estimated by a serial dilution 
method, and the caronamide by the colorimetric method 
oLZieglcr and Sprague. 

It was found that a concentration of 25 mg. of caron- 
amide per 100 ml. of scrum was necessary to achieve a 
twofold increase in penicillin concentration. A dose of 
4 g. 4-hourly was required to produce a serum caron- 
amide concentration of 30 mg. per 100 ml. 4 hours after 
administration. To obtain a fourfold or greater increase 
in penicillin content concentrations of caronamide 
exceeding this were required. The effect of the drug was 
cumulative, maximum penicillin levels being reached 
after 2 days. Nausea in 3 patients receiving 4 g. of caron- 
amide was the only symptom of toxicity recorded. 

- J. E. A/. Whitehead . 

The Role of High Blood Penicillin Lerels Achieved with 
Caronamide in Penetrating the Blood-Brain Barrier. 
Janowttz, H. D., Schneierson, S. S., Sussman, M. L., 
and King, F. H. (1948). J. Lab. clin. A fed., 33, 933. 
In patients given caronamide in doses of 4 g. 3-hourly, 
injection of various doses of penicillin yielded high levels 
of penicillin in the blood, with concomitant high levels 
in the cerebrospinal fluid. In the absence of caronamide, 
the levels in blood and cerebrospinal fluid w*ere far lower 
and far less persistent. It is suggested that caronamide 
might make intrathecal injection of penicillin unnecessary. 

J. D. Judah. 

BIO CHEMISTRY 

Plasma Protein Studies on Normal Newborn and Pre- 
mature Infants. I. Plasma Protein Values for Normal 
Full Term and Normal Premature Infants. II. Use of 
Concentrated Normal Human Serum Albumin in Treat- 
ment of Premature Infants. McMurray, L., Roe, 
J. H., and Sweet, L. K. (1948). Amer. J. Dis. Child., 
75, 265. 

The plasma albumin content w r as found to be higher 
in full-term than in premature infants. The mean value 
for albumin in full-term infants w*as 4.8 g. per 100 ml. 
(normal adult range, 4.5 to 6.5 g.) and in premature 
infants 4.3 g. per 100 ml. The globulin values for both 
groups were within the normal adult range, 1.2 to 2.2 g. 
per 100'ml. 

The purpose of the second part of the study was to 
assay the value of concentrated normal human serum 
albumin in the treatment of premature infants. The 
serum used contained 25 g. of albumin per^lOO ml. 
From birth up to 3 or 4 weeks 2 ml. of the concentrated 
serum albumin per lb. (454 g.) body weight was given 
intravenously once or more a week. Besides a significant 
rise in plasma albumin, the treated premature infants, 
compared with controls, gained in weight more rapidly, 
had more vigour, and ware less prone to intercurrent 
illnesses. Further study of this form of treatment for 
premature infants is indicated. W. G. Wyllie . 

Thc^ Copper and Iron Content of the Blood Serum in 
Normal Subjects. (Om Kobber- og Jemindholdet i 
Blodserum hos Normale.) Brendstrup, P. (1948). 
Ugesk. Loeg ., 110, 945. 

. The iron and copper content of serum was estimated 
in SO normal adults. 


The values for iron in men varied from 80 to 177 ^g. 
per 100 ml., with an average of 126 fig. per 120 ml., and 
in women from 54 to 163 fig, per 100 ml., with an average 
of 98 fig. per 100 ml. The values for copper in men 
varied from 85 to 162 fig. per 100 ml., with an average 
of 1 13 fig. per 100 ml., and in w’omen from 89 to 152 fig. 
per 100 ml., with an average of 12 Ogg. per 100 ml. No 
correlation was found betw’een copper and iron levels 
in any individual. 

The Effect of Sodium Bicarbonate on the Renal Excretion 
of Salicylate. Williams, F., and Leonards, J. R. 
(1948). J . Pharmacol ., 93, 401. 

In normal female dogs, an oral dose of 0.5 g. of 
sodium salicylate every 3 hours w'as well tolerated. 
Serum salicylate content rose gradually to a level of 
-about 60 mg. per 100 ml. after 2 days. When the blood 
level was stabilized, the dog received 1.6 g. of sodium 
citrate and 0.25 g. of sodium bicarbonate in addition to 
the regular dose of sodium salicylate. The serum 
salicylate level fell within the next 2 days to a final low 
value of 15 mg. per 100 ml. When the alkali adminis- 
tration was stopped the salicylate level began slowly to 
rise again. The urinary excretion of salicylate showed a 
significant increase with the administration of bicar- 
bonate, and this increase was of a sufficient size to 
account for the decreased blood level. 

The effect of alkali on the renal clearance of salicylate 
in 4 human subjects was similar to that observed in 
the dog. Sodium bicarbonate increased the salicylate 
clearance but the effect was not as striking as that in the 
dog, partly because there appeared to be more salicylate 
bound in the plasma protein in the human subject. The 
increase in clearance, as the pH of the urine increased, 
was due mainly to an increase in the excretion of un- 
conjugated salicylate. G. B . West. 

Heterophile Antibody Titer in Diseases Other than 
Infectious Mononucleosis. Schultz, L. E. (194$). 
Arch, intern . A fed., 81, 328-333. 

On the basis of 160 tests on 57 patients it is shown 
that positive Paul-Bunnell reactions may be given by the 
sera of persons not suffering from infectious mono- 
nucleosis. Positive results were obtained in all of 6 cases 
of Hodgkin’s disease, in 1 of 3 cases of agranulocytosis, 

2 of 2 cases of monocytic leukaemia, 1 of 3 cases of 
polycvthaemia, 5 of 8 cases of sarcoma other than 
Hodgkin’s disease, and 19 of 29 cases of tuberculosis. The 
‘‘diagnostic level” is taken as a positive result in a 
dilution of 1 in 56 or more. The tests on individual 
patients show considerable variation from time to time. 

C. L. Oakley. 

The Sugar Content of Cerebrospinal Fluid in Tuberculous 
Meningitis and its Relation to the Reducing Properties . 
of Streptomycin. (La glicorachia in corso di meningite 
tubercolare e suoi rapporti con il potere riducente 
della strep tomicina). Alvaro, M., and Nicola, M. 
(1948). Rir. Clin, pediat., 46; 372-3 SO. 

The authors show- by in vitro experiments that strepto- 
, mycin itself has a reducing action in the Hagedom- 
Jensen method of estimating sugar in CJS.F., that this 
action is most marked in the more dilute solutions of 
the drug, and that estimations of sugar in C.S.F. there- 
fore give unreliable results in cases treated w'ith strepro- 
ra ycin. S.S.B. Gilder. 
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HAEMATOLOGY 

Vitamin Bi 2 Therapy in Pernicious Anemia. 1. Effect on 
Hematopoietic System : Preliminary Report. Hall, 
B. E., and Campbell, D. C. (1948). Proc . Mayo Clin,, 
23, 584. 

Eleven patients with P.A. in relapse have been treated 
with Vit. B 12 , with responses comparable with those 
obtained by liver. The bone marrow became normo- 
blastic within 48-72 t hours of the beginning of therapy. 
The doses given varied from 1 fig -5 fig. daily or 25 fig . 
once a week. It is concluded that 1 fig. is equivalent in 
potency to about 1 U.S.P. unit of liver extract. 

L. J. Davis. 

Vitamin B 12 Therapy in Pernicious Anemia. II. Effect on 
the General Clinical and Neurologic Manifestations: 
Preliminary Report. Hall, B. E., and Campbell, 
D.C. (1948). Proc., Mayo Clin., 23, 591. 

Oral and gastrd-intestinal symptoms rapidly dis- 
appeared on treatment with Vit. B 12 . Three patients 
with neurological complications showed remarkably 
good improvement. L. J. Davis. 

Observations on the Etiologic Relationship of Achylia 
Gastrica to Pernicious Anemia X. Activity of Vitamin 
B 12 as Food (Extrinsic) Factor. Berk, L., Castle, 
W. B., Welch, A. D., Heinle, R. W., Anker, R., and 
Epstein, M. (1948). New Engl. J . Med., 239, 911. 

Evidence is presented which indicates that Vit. B 12 
when fed by mouth to patients with pernicious anaemia 
is more effective if neutralized normal gastric juice is fed 
\ at the same time. It is suggested that the extrinsic factor 
in food is identical or closely similar to Vit. B u , and that 
the intrinsic factor in gastric juice is necessary for the 
proper assimilation of Vit. B 12 or related '"substances 
present in food. Reference is made to the presence in 
the faeces of a patient with untreated P.A. of relatively 
large amounts of Vit. B 12 . This is presumed to be 
synthesized by the intestinal bacteria, L. J. Davis. 

Hemolytic Anemia with Hemoglobinuria. Stats, D., 
Wasserman, L. R., and Rosenthal, N. Amer. J . 
din. Path ., 18, 757. 

The authors set out their experience of haemolytic 
anaemia accompanied by haemoglobinuria. The cases 
belonged to 4 types: the Marchiafava-Micheli syndrome, 
those associated with cold agglutinins, those due to 
drugs, and' an idiopathic variety. They consider the 
methods of investigation and stress the value of spectro- 
scopy and the significance of haemosiderinuria. They 
believe splenectomy to be contraindicated and that blood 
transfusions are the most valuable form of therapy. 

Severe Haemolytic Anaemia with Formation of Heinz 
Inclusion Bodies in a Premature Infant. (Deletarc 
hamolytische Anamie mit 41 Spontan-Innenkorper ” — 
Bildung bei Fruhgeburt.) Gasser, C., and Karrer, J. 
(1948). Hclv. pcciiat. Acta , 3, 387. 

The case is recorded of a severe fatal haemolytic 
anaemia of unknown origin in a premature infant. 
Many of the red corpuscles^ contained inclusion bodies 
demonstrated by vital staining. They appeared to be 
* similar in character to Heinz bodies which are known to 
be produced by poisons such as aniline and the sul- 
phonamidcs, etc. A. Piticy . 


Studies on the Destruction of Red Blood Cells. IV. The 
Spleen as a Source of a Substance Causing Agglutina- 
tion of the Red Blood Cells of Certain Patients with 
Acquired Hemolytic Jaundice by an Antihumnn Serum 
Rabbit Serum (Coombs’ Scrum). Wagley, P. F., 
Chushen, S., Gardner, F. H m and Castle, W. B. 
(1948). J. Lab. din. Med., 33, 1197. 

Saline extracts of spleens from patients with haemo- 
lytic anaemias and other disorders were tested for their 
power of sensitizing normal corpuscles to the agglutin- 
ating action of Coombs* scrum. Positive results were 
obtained with four spleens from patients with acquired 
haemolytic anaemia. It was also observed that blood 
from the spleens of patients with acquired haemolytic 
anaemia was more strongly agglutinated than was peri- 
pheral blood. J. Maclean Smith. 


Exchange Transfusion in Haemolytic Disease of the 

Newborn. Mollison, P. L. and Cutbush, M. (1948). 

Lancet , 2, 522. 

Thirty out of a series of 63 babies with haemolytic 
disease of the newborn were treated by exchange trans- 
fusion. Only seven infants died after transfusion. This 
procedure is advocated when the cord haemoglobin level 
is less than 14.5 g. or when more than 4 mg. of bilirubin 
is present. The presence in the stained blood film of 10 
or more nucleated red cells per 100 leukocytes is an 
additional indication. 


Relapse of Pernicious Anaemia During Maintenance 
Therapy with Folic Acid. Mollin, D. L. (1948). 
Lancet , 2, 928. 

The case history is described of a man with typical 
pernicious anaemia who was treated with folic acid. 
After a Fairly satisfactory initial response he gradually 
became refractory to maintenance therapy and eventually 
his blood count continued to fall even when given 20 nig. 
folic acid daily. At this point he was given liver injec- 
tions and rapidly responded. 

Geoffrey Me Co mas. 

Amount of Prothrombin Used up During Coagulation of 
Venous and Capillary Blood. A New’ Method of 
Investigation of Haemorrhagic Syndromes. (La con- 
sommation de la prothrombine pendant la coagulation 
du sang vcineux ct du sang capillairc. Nouvellc, 
methode d’investigation des syndromes hemor- 
ragiques.) Soulier, J. P. (1948). Rev. Hdmat., 3, 302 

This method measures the amount of prothrombin 
not converted into thrombin during the coagulation of 
blood. Normally this only represents 10-20% of the 
total prothrombin, but in haemophilia a much higher 
proportion is left unconverted. 

The test (time of the clotting of a standard fibrinogen 
solution by the patient’s scrum in the presence of excess 
thromboplastin) is a more delicate indicator of a coagu- 
lation defect than the whole blood coagulation time and 
is useful in the diagnosis of haemophilia. 

By performing the test on samples of serum obtained 
from venous and capillary blood (the latter contaminated 
with tissue thromboplastin) the effect of thrombocyto- 
penia can be demonstrated. In this case the prothrombin 
content in the venous sample is considerably higher than 
in the capillary sample. 
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The Value and the Limitations of the Coagulation Time 
in the Study or the Hemorrhagic Diseases. Quick, 
A. J., Honorato, R., and Stefanini, M. (1948). 
Blood , 3, 1120. 

The authors describe the Lee and White method of 
measuring the rate of coagulation in vitro and discuss 
the various factors which will influence the results. A 
temperature of 37 3 C. is recommended. 

Only in haemophilia arc coagulation times regularly 
increased, although even here a normal rate of coagu- 
lation may sometimes be met with. In other haemor- 
rhagic disorders the coagulation times are usually normal 
(except in the rare condition afibrinogenaemia). 

R. Winston Evans . 

Studies of Hemophilia. I. The Control of Hemophilia fay 
Repeated Infusions of Normal Human Plasma. Alex- 
ander, B., and Landwehr, G. (1948). J. Amer.med. 
Ass., 138, 174. 

The authors describe how four patients have been 
treated by intravenous infusions of 100-180 ml. human 
plasma given 3-4 times a week. The beneficial effect on 
the coagulation time lasted for 24-72 hours. No resist- 
ance to transfusion developed and the clinical results 
were satisfactory. Alexander Brown. 

Hemorrhagic Diathesis Associated with the Presence of 
an Anticoagulant in Circulating Blood. Case Report 
and Laboratory* Studies. Soulier, J. P., and Bursthv, 
M. (1948). Blood , 3, 1188. 

The rare incidence is described of a haemophilia-like 
syndrome due apparently to the presence of a circulating 
anticoagulant. The patient’s blood was found to have 
a pronounced anticoagulant effect on normal blood. Its 
own prolonged coagulation time could not be restored 
to normal by the addition of- normal plasma as in 
haemophilia. Marjorie Le Vay. 

Circulating Anticoagulant as a Cause of Hemorrhagic 
Diathesis in Man. Conley, C. L., Rathbun, H. K., 
Morse, W. I., Robinson, J. E. (1948). Bull. Johns 
Hopk. Hosp ., 83, 288. 

The authors report three cases in which haemorrhagic 
diatheses appeared to be due to the presence of circu- 
lating anticoagulants. The anticoagulants appeared to 
inhibit an early phase in the coagulation process. 

Thrombopenic Purpura : the Failure of Direct Blood 
Transfusion to Raise the Platelet Level. Lawrence, 
J. S., Valentine, W. N., and Adams, W. S. (1948). 
J. Lab. clin. Med., 33, 1077. 

In previous experiments the authors have demon- 
strated that the platelet count in cats may be raised for 
a few days following “direct” blood transfusions. In 
man, however, the low platelet counts of two patients 
suffering from thrombocytopenic purpura were not 
raised when they were transfused by a similar technique. 

Douglas H. Collins. 

A Study of the Bone Marrow from Thirty-six Patients 
with Idiopathic Hemorrhagic (Thrombopenic) Purpura. 
Diggs, L. W., and Hewlett, J. S. (1948). Blood, 
3, 1090. 

No differences were found between the total mega- 
karyocyte counts in marrow obtained by sternal puncture 
between the 36 patients with idiopathic thrombocyto- 
penic purpura' and 50 control patients suffering from 
. various n on-hacmorrhagic disorders, and no constant 


relation was found between the megakaryocyte count in 
the cases of purpura and prognosis and response to splen- 
ectomy. However, differential counts showed that in 
purpura there was an unusual proportion of primitive 
megakaryocytes not engaged in forming platelets. This 
relative immaturity of the megakaryocytes was not 
significantly affected by splenectomy. 

M. C. G. Israels . 

The Bone Marrow on Sternal Aspiration in Multiple 
Myeloma. Bayrd, E. D. (1948). Blood, 3, 987. 

A review of 51 cases examined by sternal puncture at 
the Mayo Clinic. The tumour plasma cells are believed to 
be derived from reticulum cells. Those cases in which the 
cells uere most immature and variable in type terminated 
the quickest (mean survival 6.3 months). In contrast, 
seven patients in whom the plasma cells were of a mature 
uniform type survived 2-7 years. J. Maclean Smith. 

Paroxysmal Cold Hemaglobinurias. Becker, R. M. 
Arch, intern . Med., 81, 630. 

In this paper are reviewed 37 cases of syphilitic 
paroxysmal haemoglobinuria. The characteristic features 
of this disease are contrasted with those of haemo- 
globinuria associated with cold agglutinins. 

Are Non-nucleated Erythrocytes Formed by Budding off 
of Cytoplasm from Normoblasts ? (In English.) 
Bostrom, L. (1948). Acta med. scand ., 131, 303. 

In this paper evidence is produced which is held to 
support the interesting but heterodox hypothesis that 
several erythrocytes may be derived in the bone marrow 
by budding off from the cytoplasm of a single erythro- 
blast. A. K. Powell. 

Serological Examination of the Placenta. (Serologisch 
placenlaonderzoek.) van Bolhuis, J. H. (1948). A fed. 
Tijdschr. Geneesk., 92, 2950. 

The author claims that the development of the anti- 
bodies in pregnancy is due to antigens in the placenta 
of the infant rather than in his corpuscles. Practically' 
all the placentae of affected infants were found to have 
the power of absorbing Rh antibodies, but only about 
10% of the placentae of unaffected Rh positive infants 
had this property. If it is assumed that about one-half 
of the mothers are capable of forming antibodies (as is 
suggested by the results of transfusion of Rh — blood 
into Rh negative recipients), the 5% incidence of anti- 
bodies in Rh negative women bearing Rh positive 
children can be explained. J.J. van Loghem. 

Adult ^Gaucher’s Disease, with Special Reference to the 
Variations in its Clinical Course and the Value of 
Sternal Puncture as an Aid to its Diagnosis. Groen% 
J., and Garrer, A. H. Blood, 3, 1221. 

The authors give the histories of nine personally 
studied cases of Gaucher’s disease. They stress the 
frequency of bone pains due to skeletal involvement and 
the value of stemal puncture as an aid to early diagnosis. 
Cell types intermediate between reticulum cells and 
Gaucher cells may' be found. Splenectomy docs not 
alter the rate of progress of the disease. 

The Bone Marrow as a Diagnostic Aid in Acute Dis- 
seminated Lupus Erythematosus. Report on the 
Hargraves’ “L. E.” Cell. Haserick, J. R„ and 
Sundberg, R. D. (I94S). /. invest. Derm., II, 209. 
The “L. E.” cell of the bone marrow is a polymorph 
leucocyte which has engulfed a round homogeneous 
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Feulgen-positive mass. These cells were present in the 
bone marrow of four out of five patients with acute 
disseminated lupus erythematosus. E . Lipman Cohen. 

Influence of ABO Incompatibility on Rh Antagonism. 
(L’influence de l’incompatibilite du syst6me ABO sur 
Pantagonisme Rh.) Loghem, J. J. van, and Spaander, 
J. Rev. Hemat., 3, 276. 

Evidence is presented suggesting that ' ABO incom- 
patibility may cause the death of the foetus at an early 
age. 

A Serum which Demonstrates the Co-dominance of the 
Blood-group Gene O with A and B. Boorman, K. E., 
Dodd, B. E., and Gilbey, B. E. (1948). Ann. Eugen ., 
Canib ., 14, 201. 

A serum agglutinating all bloods containing O and A 2 
is described. It agglutinated OO, OA 2 , and A 2 A 2 cells 
more strongly than A x O, A X A 2 , A 2 B, or BO cells.” The 
authors believe their serum to be a pure anti-0 serum 
and that bloods of Group O, A 2 , and A, respectively arc 
really OO, AO, and AA X in type. The fact that anti-A 
sera contain anti-A as well as anti-A x fits in wijth this 
hypothesis. John Murray . 

The Rh Antigen D u . Race, R. R., Sanger, R., and 
Lawler, S. D. (1948). Ann. Eugen., Camb ., 14, 171. 

The D u genes, of which 12 different types have been 
recognized, afe thoughPto have arisen as a series of 
graduated mutations from the D gene. Cells containing 
the D u gene are agglutinated by some anti-D sera, but 
not by all. They are, however, sensitized to the Coombs’ 
test by the great majority of incomplete anti-D sera. The 
picture is a complicated one. John Murray. 

A Simple and Rapid Method for Demonstrating Sickling 
of the Red Blood Cells : The Use of Reducing Agents. 
Daland, G. A., and Castle, W. B. (194S). J. Lab. 
clin. Med., 33, 1082. 

Sickling of certain red blood cells occurs when o'xy- 
haemoglobin is changed to reduced haemoglobin. A 
mixture of ascorbic acid and sodium bisulphite or 2% 
sodium bisulphite alone may be used as reducing agents 
and sickling observed within 15-60 minutes when these 
reagents are added to susceptible blood. Zenker’s fluid 
causes reversal to a discoidal form, but formalin pre- 
serves the sicklcd shape and is thus preferable for fixing 
post-mortem tissues. Douglas H. Collins. 


MORBID ANATOMY AND HISTOLOGY 

Transitional Endometrium. (In English.) Oram, V. 
(1948) Acta Obstet. gynec. scand ., 28, 188. 

Transitional endometrium is that normally found in 
the late interval phase, that is, the phase between pro- 
liferation and secretion. The typical picture of this phase 
is found with striking frequency in routine histological 
examinations. The characteristic picture is as follows. 
The amount obtained by curettage is copious and the 
mucous membrane thick and almost hyperplastic. The 
stroma is loose and oedematous and highly vascularized. 
The epithelial cells are cylindrical with a central nucleus. 
The cells arc vacuolated and the vacuoles contain glyco- 
gen. The lumen of the gland does not contain secretion. 
The appearance suggests that development of the endo- 
metrium has suddenly ceased. The picture is in its own 
way as characteristic as that of cystic hyperplasia. A. 


study of the literature shows that these findings have 
been discussed several times but have never been sys- 
tematically examined. 

An analysis of 224 cases in which the typical picture 
was found is given. Jn many patients bleeding occurs 
from this type of transitional endometrium. Hormonal 
treatment was tried in some cases, but a normal secretory 
phase was rarely re-established. A few hormone analyses 
were made and these showed excess of gonadotropic 
hormone but decreased output of oestrogenic hormone. 
Further and more extended hormone analysis is definitely 
required. Hormone imbalance is probably the basis of 
the condition but it is as yet impossible to say whether 
the imbalance arises primarily in the ovaries, the pituitary, 
or elsewhere. Josephine Barnes. 

Melanomas of Childhood. Spitz, S. (1948). Arncr. J. 

Path., 24, 591. 

Thirteen cases of melanoma, occurring in children 
between the ages of 18 months and 12 years and therefore 
called juvenile melanoma, were studied. Comparison 
was made with 50 cases of benign naevus of childhood, 
and with 17 melanomata occurring between the ages of 
14 and 19 years. Histologically, in contrast to the 
benign naevi, the juvenile melanomata were pleomorphic. 
Half of them contained prominent giant cells, but except 
for this were histologically malignant. All but 1 patient, 
however, remained alive and well for periods of up to 13 
years after simple excision. The adult-type melanomata 
showed gross histological variation, but only 1 contained 
giant cells. Of these patients 71% were dead within IS 
months. It is stated that substantiated cases of malignant 
behaviour of melanomata in childhood are few. There 
is a marked rise in the degree of malignancy after puberty 
although the tumours are histologically similar to those 
behaving benignly. A hormonal influence is postulated 
to account for this difference. Charles Pike. 

Histiocytic Reticulosis in Infants. Reye, R. D. K. (194S). 

Med. J. Anst., 2, 509. 

The author presents cases illustrating four diseases: 
1) Lctterer-Siwe disease; (2) eosinophilic granuloma of 
bone; (3) infective reticulo-endothcliosis; (4) Hand- 
Schiiller-Christian disease. 

The examples described illustrate the difficulty of 
separating these conditions, and the author suggests a 
unifying classification as follows: 

Histiocytic reticulosis (inflammatory): (1) . Acute— 
Letterer-Siwe’s disease, and rapidly progressive instances 
of eosinophilic granuloma of bone. ' (2) Subacute- 
Eosinophilic granuloma of bone, with or without visceral 
lesions. (3) Chronic — slowly progressing histiocytic or 
lipogranulomatous lesions of bone or viscera, and certain 
fibrous lesions. The majority of cases of Hand-Schuller- 
Christian disease would fall into this group. 

Sarcoma Arising in Irradiated Bone. Report of Eleven 

Cases. Cahan, W. G., Woodard, H. Q. f HrGiN- 

botham, N. L., Stewart, F. W., and Coley, B. L. 

(1948). Cancer , I, 2. 

The literature on development of sarcoma in irradiated 
bone is reviewed, the experimental production of bone 
sarcoma by irradiation in animals and the reported cases 
developing in human subjects being discussed. Eleven 
further cases are presented in detail ; osteogenic sarcoma 
developed in irradiated bones 6 to 22 years after treat- 
ment of benign bone lesions or in normal bone attc 
irradiation of another lesion. The average age was i ^ 
years. The histologically confirmed cases included 
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giant-cell tumours, one bone cyst, and one ossifying 
fibroma ; there was one ease of sarcoma in the second 
rib foriowing post-operative irradiation of the chest wall 
after mastectomy. Ten eases were treated by .v-rays and 
one ease by radon pack. Estimated tumour doses were 
generally over 3^000 r, though one bone cyst had received 
only 1,550 r. The most constant clinical sign of malign- 
ancy was the sudden onset of progressive pain ; this 
sign, in an area treated by radiation 5 years or more 
previously, calls for immediate biopsy examination. The 
authors believe that recognition of this possibility will 
lead to discovery of more cases ; they arc consequently 
opposed to x-ray therapy for non-malignant tumours of 
bone, including giant-cell tumours. J. Walter. 

Bone Lesions in Eosinophilic Granuloma, Hand -Schuller- 
Christian Disease, and Lcttercr-Sivvc Disease. Ponsexi, 
I. (1948). /. Bone Ji Surg 30 A, 811. 

This is an account of 8 cases, varying from single 
eosinophil granuloma to well-marked Hand-Schuller- 
Christian disease, to illustrate the author’s contention 
that these diseases are varying responses to a common 
unknown aetiological factor. 

Transition of Boeck’s Sarcoidosis to Miliary Tubercu- 
losis. (Ubergang von Boeck’scher Krankheit in 
Miliartuberkulose. Ein Beitrag zum Problem der 
‘atypischen’ Tuberkulosen). Frey, U. (1948). Helv . 
med. Ac/a. y 15, 129. 

The author reports the case of a man, aged 29, who 
suffered from Boeck’s disease affecting the hilar, cervical, 
and axillary lymph nodes for 4 years before death. The 
diagnosis of Boeck’s disease was confirmed by lymph 
node biopsy examination. The disease took a benign 
course until suddenly, 4 years after it had been diagnosed, 
the patient developed a fatal tuberculous meningitis. 
Necropsy and histological examination revealed in several 
organs old and largely fibrotic granulomata like those 
in Boeck’s disease. In addition, fresh typical miliary 
tubercles and changes representing a transition from the 
lesions of Boeck’s disease to those of tuberculosis were 
found. On account of the histological findings and the 
clinical history the author considers this case to be one 
of transition of Boeck’s disease into miliary tuberculosis. 

Boeck’s disease spreads by haematogenous dissemina- 
tion and appears very' similar to “chronic miliary 
tuberculosis.” The case described is thought to support 
the theory' of a tuberculous aetiology of Boeck’s disease 
and the author considers the latter to be a special form 
p^herculosis. He therefore proposes to call it “atypical 
uberculosis, type Boeck.” The prognosis of “atypical 
tuberculosis” is not always favourable, because of the 
possible transition into miliary tuberculosis. 

R . Schade. 

Histologic Features of Carcinoma of the Cardio-esophageal 

'Junction and Cardia. McPeak, E., and Warren, S. 

(1948). Amer. J. Path., 24, 971. 

The histological structure of 65 carcinomata of the 
oesophago-gastric junction is reviewed. The authors 
conclude that the adeno-acanthomata and some papillary’ 
aaenocarcinomata of this region may- arise from the 
oesophageal glands, that other papillary adenocarcino- 
ruata arise from the gastric glands, and that in general 
adenocarcinomata of this region are better differentiated 
and Jess productive of metastases than those of other 
parts of the stomach. R. A. Willis. 


Cvfological Studies of Sputum and Bronchial Secretions 
In the Diagnosis of Cancer of the Lung. Liebow, 
A. A., Lindskog, G. E., and Bloomer, W. E. (1948). 
Cancer , 1, 223. 

The Diagnosis of Bronchogenic Carcinoma by Smears of 
Bronchoscopic Aspirations. McKay, D. G., Ware, 
P. F., Atxvood, D. A., and Harken, D. E. (1948). 
Cancer , 1, 208. 

In these two papers the application of the smear- 
technique is discussed, and two large series of cases are 
analysed. Those interested should consult the origin al 
papers. 

The Pathogenesis of Splenomegaly in Hypertension of 
the Portal Circulation; “ Congestive Splenomegaly.” 
Moschcowitz, E. (1948). Medicine , Baltimore , 27, 
187. 

This is a discussion of the pathology' of the spleen in 
86 cases, in which the common factor is resistance or 
obstruction to the venous return. The cases are divided 
into three main groups: (a) where the obstruction is 
of post-hepatic origin, such as constrictive pericarditis 
and mitral stenosis; (b) hepatic cirrhosis of various 
types; and (c) pre-hepatic obstruction due to thrombosis 
of the portal or splenic vein, or of both. The differences 
in the spleen in the various groups are regarded as degrees 
of the same process, depending, first, on the duration of 
the hypertension, and, secondly, on the proximity to the 
spleen of the obstructing lesion ; for instance, the changes 
are minor in constrictive pericarditis, but pronounced 
in the presence of an organized and recanalized thrombus 
in the splenic vein. As would be expected, a well- 
developed collateral circulation is present only when the 
hypertension is of long standing, and further lesions, 
such as siderotic nodules and myeloid metaplasia, are 
found only in similar circumstances. W. S. Killpack. 

Relation between Structural and Functional Alterations 
of the Liver. Franklin’, M., Popper, H., Steigmann, 
F., and Kozoll, D. D. (1948). /. Lab . clin. Med., 33, 
435. 

The authors carried out 165 liver biopsies on 130 
patients suffering from various types of liver disease. 
The main histological features were statistically compared 
with the results of a series of liver function tests carried 
out within 2 days of the biopsy. Among the many 
results the following may be quoted. Diffuse Liver-cell 
damage was found to be significantly' correlated with 
cephalin-cholesterol flocculation, thymol turbidity, 
albumin-globulin ratio, and bromsulphalein retention, 
but not ’with total serum protein or with alkaline phos- 
phatase. Focal necrosis and fatty' change were not 
associated with any significant change in the liver 
function tests. Regeneration was correlated with 
increased thymol turbidity. (The original should be 
consulted for other results.) The authors are careful to 
point out that the statistical correlations disclosed do not 
prove that an abnormal function is necessarily caused by 
the associated pathological change. 

Douglas H. Collins. 

Cicatrizing Enteritis (Regional Ileitis) as a Pathologic 
Entity’. Analysis of One Hundred and Twentv Cases. 
Warren, S., and Sommers, S. C. (J948). Amer. J 
Path., 24, 475. 

This paper presents the results of analysis of 120 cases 
of regional ileitis, with a review of the literature. Empha- 
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sis is laid on macroscopical and microscopical morbid 
anatomical features, descriptions being given of acute, 
subacute, and chronic phases. The chronic phase — the 
most common — is dealt with in detail. Early changes, 
not previously described, were observed in the gut and 
lymph nodes. In the gut, between the lymph nodes and 
muscularis mucosae, there was observed focal prolifera- 
tion of lymphatic endothelium, leading to obstruction 
and dilatation and oedema. Similar changes arc seen 
later in the submucosa and subserosa; the endothelial 
cells coalesce to form giant cells ; eosinophils and lympho- 
cytes surround the endothelial masses. Similar changes 
occur in mesenteric lymph nodes and vessels. Ulceration 
does not appear until oedema is considerable; the 
resulting non-specific inflammatory changes often over- 
shadow the early granulomata. Differential diagnosis is 
seldom a problem but may be difficult. The aetiology 
remains unknown. As regards pathogenesis, lymphatic 
blockade is considered of fundamental significance. 

R. R . Wilson, 

The Pathology of Infectious Mononucleosis. Custer, 
R. P., and Smith, E. B. (1948). Blood , 3, 830. 

This account of the morbid histology of infectious 
mononucleosis, based on 9 necropsies and numerous 
biopsies, describes the characteristic hyperplasia of the 
lymphoid tissues. The spleen, which was invariably 
enlarged at the height of the disease, was packed with 
lymphoid cells. Splenic follicles and trabeculae were 
rendered less prominent than usual, and spontaneous 
rupture had occurred in 4 cases. The bone-marrow 
contained no abnormal cellular infiltration. Small 
aggregations of lymphocytes were found in the myo- 
cardium. In one case a pneumonic exudate in the lungs 
consisted of lymphoid cells. Periportal infiltrations of 
lymphocytes were sometimes excessive in the liver. In 
4 out of 6 brains examined a mild or moderate meningo- 
encephalitis was obseived, and in 2 cases there was a dis- 
tinct peripheral neuritis. Douglas H Collins . 

The Collection of Radioactive Iodine by the Human Fetal 
Thyroid. Chapman, E. M., Corner, G. W., Robin- 
son, and Evans, R. D. (1948). J. clin. Endocrinol 
8, 717. 

The series investigated suggests that thyroid function 
is initiated in the foetus at 14.5 weeks. 

Congenital Cystic Disease of the Lung. Bowden, K. M. 
(1948). Med. J. Ansi., 2, 311. 

The author has studied 20 new cases of congenital 
cystic disease of the lung, and summarizes his findings as 
follows. Congenital cysts of the lung occur either as 
solitary large cysts or as multitudinous, smaller cysts. 
They have been found in foetuses, and at all ages. In 
most cases they contain air, though occasionally they are 
filled with a gelatinous substance. Histological examina-. 
tion of a typical case will reveal an epithelial lining of 
columnar cells, bordered by a basement membrane, while 
the underlying tissues consist of fibrous and smooth 
muscle tissue and clastic fibres. Cartilage and mucous 
glands may be present. Noteworthy features are the 
frequent absence of alveoli in the immediate neighbour- 
hood, and the absence of carbon deposits, those parts of 
the lungs appearing pink and fleshy. The author inter- 
prets his findings as indicating an arrest of normal 
development of the bronchi. Other co-existent congeni- 
tal abnormalities lend support to this assumption. 

R. Saint. 


Streptomycin in Tuberculous Meningitis in Childhood : 
The Pathological Findings in Six Fatal Cases. Mont- 
gomery, G. L. (1948). Glasg . wed. /., 29, 235. 

The post-mortem appearances in 6 cases of tuberculous 
meningitis treated with streptomycin arc described. In 
4 tlic primary focus was still alive. In one activity was 
arrested, while in another the focus was not found and 
may have regressed. In all cases there were visceral 
tubercles which had undergone hyaline change, some 
being completely hyalinizcd. Other tubercles showed 
activity, but there were no histiocytic abscesses as de- 
scribed by Wright. Death in spite of treatment was due 
to a continuation of the meningitic process. Attention 
is drawn to the hyalinizalion of splenic arterioles (a 
condition normal in older subjects but not in childhood). 

D. M. Pryce . 

Histopathology of Virus Encephalomyelitis. Scheinker, 
I. M. (1948). Arch. Path., 45, 289. 

The histological lesions in 3 forms of encephalomye- 
litis, the epidemic encephalitis of von Economo, Japanese 
(Type B) epidemic encephalomyelitis, and anterior 
poliomyelitis, arc compared. In these three conditions 
the nerve cells of the grey matter arc primarily attacked 
and the white matter is left relatively intact. The dif- 
ferences in distribution arc described in detail. 

Tertiary Syphilis of the Uterine Body and Adnexa. 
(Sifilis tcrciaria do corpo c anexos utertnos.) De 
Souza Rudge, W., and Delascio, D. (1948). Obstet . 
Gincc. lot. amer ., 6, 393. 

A 23-ycar-oId married woman complained of vague 
abdominal pain of 3 months' duration. On examination, 
her uterus was found to be enlarged to the size of a foetal 
head at term, mobile, and irregular. At laparotomy, the 
presence of multiple adhesions suggested that a uterine 
fibroid was undergoing malignant transformation. 
Subtotal hysterectomy, bilateral salpingectoniy, and left 
ovariectomy were carried out. Post-operative progress 
was uneventful. Histological examination revealed 
numerous gummata in the myometrium and the ovary. 
The Wasscrmann reaction was strongly positive. This is 
stated to be the fourth authentic case published of tertiary 
syphilis of the uterus. S. S. B. Gilder. 

Muscle Histology in Rheumatic and Control Cases : A 
Study of One Hundred and Nineteen Biopsy Specimens. 
Desmarais, M. H. L., Gibson, H. J., and Kersley, 
G. D. (194S). Ann. rheum. Dis.> 7, 132^ 

Biopsies of skeletal muscle from 56 cases of rheuma- 
toid arthritis have shown focal round-celled (mainly 
lymphocytic) infiltration in the endomysium and peri- 
vascular tissues in 60.7% of cases. Similar changes were 
found in 1 of 3 examples of Still’s disease. Negative 
results were - obtained in a variety of other forms ot 
arthritis. 

Chorioangiofibromn. Horn, H. W. (1948). A fed. R 
Aust 2, 183. 

The paper records an unusually large angioma of the 
placenta, 8 cm. in main diameter, the edge of which 
presented along with the child’s head and caused serious 
haemorrhage during the second and third stages ot 
labour. The five photomicrographs show clearly tne 
capillary angiomatous structure of the tumour, to which 
the author applies the name “chorioangiofibroma” used 
by Siddall in his review of 130 reported" tumours ot 
this kind (Amer. J. Obstet . Gynec ., 1924, 8, 554). 

R. A. Willis. 
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Although the literature on this subject is already 
quite considerable there is still some doubt as to 
the exact value of the different laboratory pro- 
cedures available for the diagnosis of lympho- 
granuloma venereum. This does not, of course, 
apply to the demonstration of lymphogranuloma 
venereum virus in material from a suspected case 
of this disease, for this, as in any infective pro- 
cess, is of unequivocal value. Unfortunately the 
isolation and identification of lymphogranuloma 
venereum virus, though always worth undertaking, 
particularly in the early stages of the disease, is 
time-consuming and, in our limited experience, not 
nearly so readily achieved as some other workers 
have found (Wall, 1946). In the work here 
reported we have been more concerned with those 
laboratory tests, the Frei test and the lympho- 
granuloma venereum complement fixation test, 
which are of easy application and give an answer 
in a relatively short time. Much of the earlier 
work with these tests was done before Rake and 
his colleagues (1941) had drawn attention to the 
close relationship which exists between the viruses 
of the psittacosis-lymphogranuloma group. The 
extensive sharing of antigens, which is one of the 
important features of this relationship, is respon- 
sible for a high degree of cross reaction in com- 
plement fixation tests made with these viruses and 
their antisera (Rake, Eaton, and Shaffer, 1941) 
reducing them to a group specificity. The con- 
sequences for the Frei test are similar ; a positive 
reaction to this test as at present practised is not 
confined to lymphogranuloma venereum but can 
also occur in infections with viruses of the psitta- 
cosis group (Rake, Eaton, and Shaffer, 1941). And 
although some of the more recent work on the 
Frei test and the complement fixation test in 
lymphogranuloma venereum has been done with 
Rake’s important findings in mind the precise 
value of these two tests in the diagnosis of lympho- 
granuloma venereum is still far from clear. It was 
in an endeavour to remedy this deficiency and to 
find out if it would be possible to devise intra- 


dermal and serological tests of greater specificity 
that the following investigations were made. 

The Complement Fixation Test 
Technique. — The antigen was prepared from the 
yolk sacs of eggs inoculated on the fifth day of 
incubation and taken down four to five days later. 
Yolk sacs were ground in Tenbroek tubes and 
suspended in phosphate buffer pH 7.6, 2 ml. per yolk 
sac. After sedimentation in the refrigerator or a 
preliminary' centrifugation to get rid of gross particles 
and of yolk, the partially clarified suspension was 
centrifuged for one and a half to two hours on an 
angle centrifuge at 5,000 revolutions per minute, the 
supernatant fluid discarded, and the deposit suspended 
to half volume in saline. A further period of sedi- 
mentation in the refrigerator for 24 to 48 hours 
resulted in the deposition of more extraneous material, 
which was discarded. If smears of this final suspen- 
sion stained by Castaneda’s method showed a satis- 
factory virus content, the suspension was steamed for 
20 minutes, sodium azide added in a final concentra- 
tion of 0.3% as preservative, and the antigen titrated 
with knowm lymphogranuloma venereum positive and 
negative sera. Such an antigen has rarely been found 
to be anticomplementary and it keeps its activity un- 
changed for at least several months. The use of 
phenol for enhancing antigenic activity', advocated by 
Nigg, Hilleman, and Bowser (1946), has not, in our 
hands, provided a better antigen than one prepared by 
the above method. One or two attempts to produce 
an antigen by the method of Smadel, Wertman, and 
Reagan (1943) were not sufficiently encouraging to 
induce us to adopt this more laborious method. The 
addition of formalin in 0.3 % concentration in place 
of heat inactivation invariably made the antigen anti- 
complementary'. A control antigen w-as prepared in a 
similar manner from normal y r olk sacs of appropriate 
age. 

Complement . — A satisfactory' batch of guinea-pig 
serum w'as divided into quantities suitable for a day’s 
test and stored in the dry' ice-box. Retitration on the 
day of each test showed little or no change over 12 
w’eeks. A dose of 2 M.H.D. was used. 

The Test . — Falling doubling dilutions from I in 4 
to 1 in 256 were prepared from the patients’ sera 
which had been inactivated at 56 c C. for 30 minutes. 
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Patients’ serum, complement (2 M.H.D.), and antigen, 
0.1 ml. of each, were added to tubes in this order and 
the volume in each tube made up to 0.8 ml. with saline. 
Each serum in highest concentration was put up with 
the control antigen and also without antigen to detect 
any anticomplementary activity ; other controls con- 
sisted of known positive and negative sera. Fixation 
was for 30 minutes at room temperature followed by 
30 minutes in the 37° C. water-bath. Sheep red cells 


with this disease are first seen in the secondary 
stage when the development of an inguinal 
adenitis has drawn attention to the presence of 
infection, and by that time antibody formation is 
usually well advanced. Other patients, and this is 
particularly true of women, only become aware 
of infection when the disease has reached the 
tertiary stage and some lesion, most usually in 


TABLE I 


Correlation between Clinical Diagnosis and Lymphogranuloma Venereum Complement Fixation Test 


Clinical 
Diagnosis of 
Lymphogranuloma 
Venereum 

Total 

Number 

of 

Patients | 

Number of Cases giving Fixation with a Lymphogranuloma 
Venereum Antigen at Dilutions of 

Positive 
Complement 
Fixation Test 
at 1/32 or 
| over (%) 

<1/4 

1/4 

1/8 

1/16 

1/32 

1/64 

1/128 

1/256 

Confident 

32 

0 

0 1 

0 

4 

7 

11 

10 

0 

87.5 

Possible 

31 

7 

1 

6 

10 

2 

i 3 

2 

0 

22.6 

Doubtful 

67 

57 

3 

2 

4 

1 

0 

0 

0 

1.5 


in 5% suspension sensitized with 5 M.H.D. amboceptor 
were then added to each tube in 0.2 ml. quantities and 
the tubes returned to the 37° C. water-bath for 30 
minutes when the first reading was taken. A second 
reading was made after the tubes had stood at room 
temperature over night. The least dilution of serum 
giving complete fixation of 2 M.H.D. complement in 
the presence of antigen (no haemolysis at either the 
first or second reading) was taken as the titre. 


the rectum, draws attention to its presence. Only 
rarely is the disease seen early enough for the 
formation of antibodies to be followed, and 
reliance, therefore, has to be placed on a single 
observation. Sera from 130 patients were exam- 
ined, the patients being divided into three groups 
according to whether the clinical diagnosis of 
lymphogranuloma venereum was confident, pos- 


TABLE II 

Comparison of Results of Complement Fixation Tests on Sera from Psittacosis and Lymphogranuloma 
Venereum with Psittacosis and Lymphogranuloma Venereum Heated (100° C.) Antigens 




Number of Sera Giving 

Clinical 

Diagnosis 1 

i 

Number of 
Sera Tested 

i 

Same Titre with 
Homologous and 
Heterologous 
Antigens 

Higher Titre with 
Homologous 
Antigen 

Higher Titre with 
Heterologous 
Antigen 

Lymphogranuloma venereum 

19 

16 

3 

0 

Psittacosis 

13 

5 

1 8 

i 

0 


Diagnostic Value of a Single Complement 
Fixation Test. — An attempt was made first of all 
to determine the value of a single complement 
fixation test, and to this end the results of this 
test made on a series of patients suspected of 
having lymphogranuloma venereum were com- 
pared with the clinical findings. When using the 
presence of antibody in a patient’s serum as 
evidence of active infection the ideal undoubtedly 
is to demonstrate a significant rise in antibody 
titre, but this can only be done if the case is seen 
early enough and this rarely happens in lympho- 
granuloma venereum. The majority of patients 


sible, or doubtful. The results are recorded in 
Table I. 

It will be seen that the serological findings show 
quite a close correlation with clinical diagnosis, 
and that in the “ confident ” group the majority of 
sera give titres of 1 in 32 or over, whereas in the 
“doubtful ” group only one out of 67 sera comes 
in this high titre range and the majority had titres 
of less than 1 in 4. In the clinically possible group 
the titre scatter, as might be expected, was much 
greater. It seems justifiable to conclude from 
these findings that in a patient with symptoms 
compatible with a diagnosis of lymphogranuloma 
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venereum, a litre of 1 in 32 or over indicates active 
infection with lymphogranuloma venereum virus 
and that a titre of 1 in 16 is suggestive of this. 
Previous workers have reached much the same 
conclusion (Landau, 1946 ; Dulaney and Packer, 
1947). 

Attempts to Devise a More Specific Test. — In 
the complement fixation test as described above 
the effective antigen is the heat-stable one which is 
common to the viruses of the lymphogranuloma 
venereum-psittacosis group, and this means that 
the test would be positive in infections due to 


other members of the group. It is well recognized 
that this is so, and, as others have observed and 
we have amply confirmed in the course of this 
work, an antigen prepared from psittacosis virus in 
a similar manner could equally well be employed 
in the lymphogranuloma venereum complement 
fixation test. Smadel, Wertman, and Reagan 
(1943) state that, although this is so, sera from 
human cases of psittacosis give rather better fixa- 
tion with the homologous antigen. This we can 
confirm. In Table II the results of complement 
fixation tests made with sera from cases of 


TABLE m 

Titration of Lymphogranuloma Venereum and Psittacosis Sera with Lymphogranuloma Venereum and 

Psittacosis Virus Heated and Unheated 


Serum 

Lymphogranuloma 
Venereum Virus 

Psittacosis Virus 

Control 

Antigen 

! 

Saline 

Clinical | 

Condition I 

Dilution ' 

i 

Unheated 

Heated 
(100° C.) 

Unheated 

Heated 
(100° C) 

Lymphogranuloma 

1/8 

-1 — { — 1 — !_ 

4 + 4 + 

4444 

4444 

— 

i __ 

venereum “ G ” ; 

| 


+ 4 + 4 

++++ 

44 4 4 

-1 — l — 8 — U 

— 

) - 

i 

1/16 

+ 4 + 4 

4 + 44 

4444 

4444 


t 

j 


4 + 44 

44 + 4 

4444 

4444 




1/32 

4444 

44 + 4 

444+ 

4444 





+ T + + 

4444 

4 + 44 

4 + 4 + 




1/64 

A- 4 4 4 

4444 

4444 

-! — ! — ! L 





+ + 4- 

44 + 

4 4 + 

444 



Psittacosis “ Jo ” ... 

1/4 

4 + 44 

444 + 

4444 







+ 44 + 

44 44 

4444 

4444 

_ 

— 


1/8 

+ 444 

4444 

4 444 

44 + 4 





4 + 4 

44 + 4 

44 + 4 

4444 




1/16 

4 + 4 

444 + 

4444 

444+ 





4 + 

44 4 4 

+ 444 

4444 




1/32 

_!_ 

+++ 

4444 

++++ ! 





4 

+++ 

+ 44 

++ -f | 



Psittacosis “ L ” ... 

1/8 

++ 

4444 

4444 

4444 





+ 

4444 

4444 


~ 

■ 


1/16 

— 

+ 4 + 4 

4444 

444+ 


, 



— 

4444 

: 4444 

4444 




1/32 

_ 

+ 4 + 4 

4444 

4444 





— 

4444 

4 + 44 

4444 




1/64 



4444 

4 44 

| j. +++ 





— 

444 

+ 44 

1 ‘ ‘ " r | 



Normal 

1/4 

— 

— 

1 ~~ 







— 

• 

1 ■ 

— 

— 

- 

Saline 


- 

- | 


i - | 

— 








1 - i 

— 

— 
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lymphogranuloma venereum and psittacosis and 
the two heated antigens used in parallel show that 
sera from human cases of psittacosis do tend to 
give a higher titre with the steamed psittacosis 
virus than with the heterologous antigen, though 
why this should be is difficult to understand. How- 
ever, the difference is neither great enough nor suffi- 
ciently constant to make it of use diagnostically. 

It is known that psittacosis virus contains a 
heat-labile antigen in addition to the stable group 
specific one (Bedson, 1936 ; Barvvell, 1948), and 
there is evidence that the viruses of the psittacosis- 
lymphogranuloma venereum group each possess 
a specific antigen (Hilleman and Gordon, 1944; 
Hilleman, 1945 ; St. John and Gordon, 1947) which 
can be detected by neutralization tests made with 
antisera produced in the domestic fowl. Neutral- 
ization tests made with human and mammalian 
sera give no such clear-cut specificity. Presumably 
the specific antigen is the labile component, and 
the superiority of the fowl sera in neutralizing is 
due to the better response in the bird to this 


antigen than occurs in man and mammals. Rake 
and Jones (1944) have also shown that these 
viruses, when grown in the yolk sac, produce 
species-specific labile toxins which are lethal to 
the mouse on intravenous inoculation, but the 
relationship of this work to that of Hilleman and 
his colleagues is not clear. However, there is 
evidence that mammalian anti-psittacosis sera do 
contain antibody to the labile antigen (Bedson, 
1936), and it was thought that complement fixation 
tests made with fresh unheated lymphogranuloma 
venereum virus might show greater specificity. 
Accordingly, sera from cases of lymphogranuloma 
venereum and human psittacosis were titrated 
against suspensions of both viruses unheated and 
heated at 100° C. The results were disappointing. 
The majority of lymphogranuloma venereum sera 
showed little or no difference in titre with all four 
antigens, though the psittacosis sera usually gave 
a lower titre — sometimes remarkably so — with the 
unheated heterologous antigen. An extreme 
example of this is shown in Table III. 


TABLE IV 

Absorption of a Lymphogranuloma Venereum Serum with Steamed Psittacosis Virus 


Serum 

Lymphogranuloma 
Venereum Virus 

Psittacosis Virus 

i 

Control 

Saline 

Treatment 

Dilution 

Unheated 

Heated 
(100° C.) 

Unheated 

i 

Heated 
(100° C.) 

Antigen 

Serum W (lympho- 

1/16 

+ + + + 

+ + + + 

+ + + + 

+ + + + 

± 

— 

granuloma vener- 
eum) unabsorbed 


+ + + + 

+ + + + 

++++ 

+ + + + 

I 

_ 


1/32 

++++ 

+ + + + 

++++ 

+ + + + 





++++ 

+ + + + 

+ + + + 

+ + + + 




1/64 

++++ 

+ + + + 

+ + + + 

+ + + + 




i 

+4-4- + 

+ + + + 

4- + 4- 

+ + + + 




1/128 i 

++ + + 

+ + + + 

+ + + 

+ + + + 



i 


+++ 

+ + + 

++ 

+ + + 



Serum W (lympho- 

1/16 

+ +++ 

+ + + 

++ + 

+ + + + 

— 

— 

granuloma vener- 
eum) absorbed with 


i + +++ 

+ + + 

++ 

+ + + 

— 

i 

steamed psittacosis 

1/32 

++++ 

+ + 

— 

— j 



virus 


++++ 

+ 

— 

— 




1/64 

++ + 

± 

— 

— 





+++ 

— 

— 

— 




1/128 

++ + 

— 

— 






+++ 

— 

— 




Normal 

1/4 

— 


— 

— 

— 

— 

Saline 


— 

— 

— 

— 

— 

- 
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TABLE V 

Absorption of a Lymphogranuloma Venereum Serum with Steamed Lymphogranuloma Venereum Virus 


Serum 


Lymphogranuloma 
Venereum Virus 


1 


Psittacosis Virus 


Control 


Treatment 

Dilution Unheated (loc^c*) 

Unheated 

Heated i Ant,gen i 
(100° C.) j 

Scrum P. (lympho- 

1/16 4- + + + 1 + + + + 

+ + + + 

++++ [ ~ ~ 

granuloma vener- - 

++++ i ++++ 

+ + + + 

++++ ' ~ 

eum) unabsorbed 





1/32 + + + + ; + + + + 

+ + + + 

+ + + + 

i 

+ + + + 4-4- + + 

+ + + 

+ + + + 


1/64 , + + + + + + + + 

+ + + 

+ + + + 

i 

++++ ++++ 

+ + 

+ + + + . 


1/128 + + + + , + + + + 

— 

+ + + + 


+++ [ +++ 

“ 

+ + + , 

Serum P. (lympho- 

1/16 1 + + + + ! + 

+ + 

+ ' ± ' - 

granuloma vener- 

! ++++ ■ ± 

+ 

-L — — 

-j 

eum) absorbed with 




steamed lympho- 

1/32 + + + + i - 

— 

— 

granuloma vener- 

++++ ; ^ 

— 

— 

eum virus 

1 




1/64 ++ - 

— 

— i 


4- - 

— 

— 


1/128 | - - 
1 “ j ” 

— 


Normal 

| 1/4 ; — i - 

1 i - 

_ 

- l - - 

Saline 

• — i — 

— 

i 

j 


i i 


1 


It has been shown that if a psittacosis antiserum 
made in. the guinea-pig is absorbed with steamed 
psittacosis virus the corresponding antibody is 
removed, leaving the antibody to the labile anti- 
gen more or less unchanged, whereas absorption 
with the unheated virus removed both (Bedson, 
1936). It was thought, therefore, that absorption 
of human lymphogranuloma venereum sera with 
steamed virus ought to remove their ability to 
react not only with the steamed homologous virus 
but also with both forms of heterologous virus, 
leaving them to react in an entirely specific manner. 
It was argued that the reaction with the unheated 
heterologous virus was apparent only and due to 
the heat-stable group antigen even in the unheated 
virus being available for reaction with the group 
antibody. Theoretically, either steamed psitta- 
cosis or lymphogranuloma venereum virus could 
be used for the absorption, and this, in fact, 
proved to be so. 


Absorption Test 

Psittacosis or lymphogranuloma venereum virus, 
prepared as already described (partially purified and 
steamed), was deposited from suspension by centri- 
fugation for one hour on an angle centrifuge at 3,000 
r.p.m., the supernatant discarded, and the deposit re- 
suspended in the serum to be absorbed, suitably 
diluted. A concentration of eight times the titre was 
found satisfactory. Absorption was allowed to con- 
tinue overnight in the refrigerator, when the virus was 
removed by thorough centrifugation (two hours on an 
angle centrifuge at 5,000 r.p.m.). The absorbed serum 
was then titrated against all four antigens, hetero- 
logous and homologous heated and unheated, in 
parallel with the unabsorbed serum. 

Absorption with the control antigen was shown 
to have no effect on the antibody content of the 
serum. The results obtained in the absorption of 
two lymphogranuloma venereum sera, one with 
steamed heterologous virus and the other with the 
homologous preparation, are recorded in Tables 
IV and V. 
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In both cases the absorption has removed, or 
very considerably reduced, the ability of the serum 
to react with the heterologous virus heated or 
unheated, as well as with the heated homologous 
antigen, and left the major part of the antibody 
for the unheated homologous virus ; the test has 
been made specific. That this in fact is so is 
shown by the experiment recorded in Table VI, 
where the serum from a case of psittacosis has 
been absorbed with steamed virus ; again the test 
becomes specific. 

Admittedly the procedure is laborious, and it is 
not suggested that it should be adopted as a 
routine in the serological diagnosis of lympho- 
granuloma venereum. It is, however, available in 
those cases where doubt exists. 


The Frei Test 

In the Frei test, as in the complement fixation test 
as usually done, the effective antigen is the heat-stable 
group antigen ; at any rate that is true of the routine 
Frei test made by us, in which the steamed lympho- 
granuloma venereum virus as used in the complement 
fixation test, but without any added antiseptic, has 
been employed. The antigen was used in double the 
dilution effective in the complement fixation test ; the 
dose employed was 0.1 ml. Readings were made at 
two and four or five days. The size of nodule pro- 
duced was measured, and anything less than 0.5 cm. 
at the second reading was regarded as negative ; the 
extent of erythema was ignored. 

The great majority of patients examined sero- 
logically were also submitted to the Frei test, and 
in recording the results of this test in Table VII 


TABLE VI 

Absorption of a Psittacosis Serum with Steamed Psittacosis Virus 


Serum 

Psittacosis Virus 

Lymphogranuloma 
Venereum Virus 

Control 

Antigen 

Saline 

Treatment 

Dilution 

Unheated 

Heated 
(100° C.) 

Unheated 

Heated 
(100° C.) 

Serum M. (psittaco- 

1/16 

; 4444 

++++ 


+ + + + 



— 

sis) unabsorbed 


4444 

++++ 


4 444 

— 

— 


1/32 

+ + + + 

4 + 4 + 


4444 





++++ 

++++ 

4 + 4 + 

444 4 




1/64 

++++ 

+ + + + 

++++ 

++++ 





++++ 

+ 4 4- 4 

444 

4444 




1/128 

++++ 

+ 4* 4 + 

444 

++++ 





-j — i — 1 — h 

++++ 

4 4 

4 4 4 




1/256 

++++ 

++++ 

++ i 

4 4 





+++ 

4 4 4 

+ 

4 



i 

Serum M. (psittaco- 

1/16 

++ + + 

++++ 

4444 

444 

4 

4 

sis) absorbed with 


h — i — i — h i 

444 

+++ 

+++ 

4 

± 

steamed psittaco- 





i 



sis virus 

1/32 

4444 

4* T 4 

44 

4 





4444 

+ + i 

4 

4 

j 




1/64 

H — ! — f — 1- 

4 i 

4 

! — 





4444 

-U 

4 

— 




1/128 

4444 

1 

± 



! 




i 

4 4* 4 

T 

— 

— 




1/256 

444 

_ 

_ 







444 

— 

— 

— 



Normal 

1/4 

— 

— 

- 

— 

— 

- 

Saline 


— 







— 

- 





— 
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TABLE VII 

Correlation between Frei Test, Lymphogranuloma Venereum Complement Fixation Test, and Clinical 

Diagnosis 


Clinical Diagnosis of 
Lymphogranuloma 
Venereum 

Number ; 

of 1 

Patients j 


Lymphogranuloma Venereum Complement Fixation Titre 


<1/4 

1/4 

j 1/8 

| 1/16 

1 1/32 

| 1/64 | 

1/128 

Confident 

28 j 

j 0/0* 

0/0 ! 

| 0/0 

| 4 / 4 

4/4 

li/ii ! 

9/9 

Possible 

25 

1 w 1 

0/1 

3/4 

6/7 

■ 

2/2 

2/2 ! 

2/2 

Doubtful 

59 

3/49 

1/3 

0/2 

0/4 

1/1 

0/0 

0/0 


* Numerator gives the number of positi%e reactors and the denominator the number of patients tested. 


an attempt has been made to show the relation- 
ship of the Frei test with the clinical and sero- 
logical findings. 

Two things strike one about these results. The 
first is the close parallelism between the Frei test 
and the complement fixation test in the clinically 
acceptable group, and the second is the number 
of patients suspected possibly of having lympho- 
granuloma venereum who have a strongly posi- 
tive Frei reaction but little or no antibody in their 
blood. It is well known that the Frei test may 
remain positive long after clinical cure, whereas 
one would expect the antibody titre to fall when 
the infection became quiescent ; whether infection 
is ever eradicated or how often this occurs it is 
impossible to say. It seems, therefore, that those 
patients with a positive Frei test and little or no 
antibody are old cases of lymphogranuloma 
venereum in which the disease is now quiescent. 
And since the effective antigen in the Frei test 
material is the group antigen it follows that a 
positive reaction by itself does no more than indi- 
cate that infection with a virus of the psittacosis 
lymphogranuloma venereum group has occurred, 
but whether recently or not only the additional 
evidence supplied by the complement fixation test 
can tell us. The two tests should be used con- 
currently, and it seems justifiable to conclude that 
in a patient with symptoms at all suggestive of 
lymphogranuloma venereum a positive Frei test 
with a complement fixation titre of 1 in 16 or over 
indicates an active infection with this virus. In 
the clinically doubtful group there is one result 
which is out of keeping, that of a patient in whom 
the Frei test was positive and whose serum gave 
a titre of 1 in 32. This patient, a man, was first 
seen when he had a urethritis of one month’s 
duration. The discharge was muco-purulent and, 
both microscopically and culturally, was free of 
pathogenic micro-organisms. He was married. No 


clinical or laboratory evidence of lymphogranu- 
loma venereum infection was found in his wife, 
and he denied extramarital venereal exposure. 
The Frei test made when the patient was first seen 
was doubtful, but when repeated three weeks later 
had become strongly positive. The complement 
fixation test on the first occasion gave a titre of 
1 in 8 which rose to 1 in 32 three weeks later and, 
when tested after a further interval of a month, 
had fallen to 1 in 8. Treatment consisted of 
irrigation only, and the response was so satis- 
factory that when the third specimen of serum 
was collected he was clinically well. The results 
of the Frei test and the complement fixation test 
both suggest active lymphogranuloma venereum 
infection, and it is said that a primary lympho- 
granuloma venereum lesion in the anterior part 
of the urethra may produce symptoms of a non- 
specific urethritis. What is surprising is the tran- 
sient nature of the Infection, and this raises the 
question as to whether or not this may not have 
been infection with the related virus of inclusion 
blenorrhoea. An absorption test on the second 
specimen of serum might have settled this point ; 
unfortunately, there was insufficient of this per- 
tinent specimen on which to do the test. 

Intradermal Reactions with Psittacosis Virus 

Reference has been made to the fact that the 
Frei test may be positive in psittacosis infections 
(Rake, Eaton, and Shaffer, 1941), but with the 
exception of some observations of Pollard and 
Witka (1947) intradermal tests with psittacosis 
virus in patients with lymphogranuloma venereum 
do not seem to have been made. Using steamed 
virus for this purpose the same result as with 
steamed lymphogranuloma venereum virus might 
be expected, since the effective antigen in both 
would be the group antigen. Parallel intradermal 
tests with steamed lymphogranuloma venereum 
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TABLE VIII 

INTRADERMAL TESTS WITH PSITTACOSIS VIRUS IN PATIENTS SUSPECTED OF HAVING LYMPHOGRANULOMA VENEREUM 


Clinical Appraisal of 
Condition and by 
Complement Fixation Test 

Number 

of 

Cases 

Intradcrmal Tests with Steamed Psittacosis and Lymphogranuloma 
Venereum Virus 

Both 

Positive 

i 

Both 

Negative 

Lymphogranuloma 
Venereum Positive 
Psittacosis Negative 

Lymphogranuloma 
Venereum Negative 
Psittacosis Positive 

Lymphogranuloma venereum... 

16 

13 


3 

0 

Probably not lymphogranuloma 
venereum 

i 

23 

i 

1 

20 

0 

i 

2 


and psittacosis viruses have been made in 39 
patients suspected on clinical grounds of having 
lymphogranuloma venereum. The conditions of 
the test were as in the Frei test described above, 
and only induration of 0.5 cm. or more was con- 
sidered positive. The results, which are given in 
Table VIII, show considerable concordance. The 
three patients with a positive reaction to lympho- 
granuloma venereum virus and a negative one to 
psittacosis all showed some reaction to the psitta- 
cosis antigen, but since the induration was less 
than 0.5 cm. it was recorded as negative ; the 
reactions were 0.3 cm., 0.3 cm., and 0.4 cm. None 
gave any reaction with the control (normal yolk 
sac) antigen ; in fact, only one egg-sensitive patient 
has been encountered in this work. 

Attempts to Produce a Specific Skin Test Antigen 

Experiments in which psittacosis virus from 
mouse spleen was tested by complement fixation 
after treatment with various reagents (Harwell, 
1948) had shown that high dilutions of potassium 
periodate readily inactivated the heat-stable group 
antigen : fresh unheated virus suspensions, treated 
in the same way, still reacted with sera containing 
specific antibody. It was thought that this might 
provide a means of removing the group reactivity 
of skin test antigens. Preliminary tests with heated 
lymphogranuloma venereum virus showed, how- 
ever, that reactions equal to those given by con- 
trol antigens were obtained after treatment with 
0.04 Molar KIO, — that is, at least ten times the 
concentration required to remove complement 
fixing ability. This difference might be due to the 
fact that only a small proportion of group antigen 
is destroyed in the virus particle by periodate. 

The earlier serological studies had also shown 
that dilute acids, like heat, yielded elementary 
body suspensions which reacted as the group 
antigen. This suggested that the specific com- 
ponent might be carried into solution in the 


presence of acid ; it was not possible, however, to 
demonstrate by complement fixation any activity 
in such extracts after they had been freed from 
virus particles. The possibility that solutions 
made in the same way might react specifically in 
the skin of infected patients was then investigated. 

Technique. — Partially purified yolk sac suspensions 
of psittacosis and lymphogranuloma venereum viruses 
were made in saline from recently harvested material ; 
0.1 N.HC1 was then added to give a final concentra- 
tion of 0.02 Normal. The pH of the mixture was 
between 3.0 and 4.0 and an immediate clearing was 
usually obvious. The tubes were placed at 37° C. for 
15 minutes and then spun on an angle centrifuge at 
4,000 r.p.m. for one and a half hours. The slightly 
opalescent supernatant fluid was removed and its pH 
adjusted to 7.4-7.6 with NaOH. A white or pale 
yellow precipitate began to form at a pH of about 5, 
and became floccular and usually copious as neutraliza- 
tion proceeded. It was removed by centrifugation. 
A single skin test failed to reveal any activity in this 
material. The clear supernatant fluids (acid extracts) 
were used undiluted as skin test antigens. The method 
was that described above for the Frei test. 

Only a small number of patients has so far been 
available for this trial ; the results obtained with 
five cases of lymphogranuloma venereum and with 
one of psittacosis are shown in Table IX, in which 
are recorded the reactions to extracts of the two 
viruses as well as to the heated, diluted suspen- 
sions. It will be seen that the acid-soluble antigen 
of psittacosis virus fails to produce a reaction in 
the cases of lymphogranuloma venereum ; in each 
of them, however, the homologous extract- elicits 
a definite response. In the one case of psittacosis 
the results of using these preparations were equally 
specific. Patients with lymphogranuloma venereum 
are again shown to react to heated suspensions of 
psittacosis virus, but it was not possible to demon- 
strate activity of a heated suspension of lympho- 
granuloma venereum virus in the patient who had 
recovered from psittacosis. 
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TABLE IX 

Analysis of Results of Skin Tests and Reactions to Lymphogranuloma Venereum and Psittacosis Viruses 



1 

Comple- 1 
ment ! 
Fixation 1 
Test 
Titre 

Skin Tests 

Patient 

Clinical Findings 

Heated Suspensions 

Acid Extracts 

Lympho- | 

granuloma 
Venereum j 

| 

Psittacosis j 

Normal 
Yolk Sac 

Lympho- i 

granuloma j Psittacosis 
Venereum j 

T33986 

Inguinal adenitis 4 weeks 

1/64 

6* 1 

1 

Not done | 

0 

25 

<5 

T34684 

Penile sore 6 weeks | 

1/16 

5 . 

5 1 

! 

0 

17 

0 

H7265 

Rectal stricture 

1/128 

*r *f 

Slough 10 mm. 

12 

i 

0 

1 i 

20 

0 

H5779 

Proctitis I 

! 

1 1/32 

1 8 ! 

15 

1 

| o 

1 25 

i i 

f 0 

T8930 

Penile ulcer 1 month’s ! 
duration 

1/16 

I 10 

i 

8 

1 

0 

i 

1 23 

0 

F.A.R. 

Psittacosis 6 months pre- 
viously 

1/64 

I 0 

20 

0 

0 

15 

t 


* Figures indicate the diameter in millimetres of the area of induration observed 2 days after intradermal inoculation. 


Summary 

Titres of 1 in 32 or over in the complement 
fixation test made with steamed lymphogranu'oma 
venereum virus and the sera from patients in whom 
the clinical findings are compatible with a diag- 
nosis 1 of lymphogranuloma venereum suggest 
active infection with lymphogranuloma venereum 
virus. 

As others have observed, the sera from human 
infections with psittacosis and lymphogranuloma 
venereum viruses show a very high degree of cross 
reaction in . the complement fixation test with 
antigens made from these two viruses. These 
cross reactions occur to titre, or almost so, with 
antigens in which the heat-stable antigenic com- 
ponent is the effective one, but to a lesser degree. 
Particularly in the case of psittacosis sera, with 
the fresh unheated viruses ; this difference is 
insufficiently great or constant to be diagnostic. 
Sera from human infections with psittacosis and 
lymphogranuloma venereum viruses contain 
specific antibody which can be revealed by re- 
moving the group antibody by absorption with 
steamed virus whether homologous or hetero- 
logous. 

The Frei test, as usually done, also merely 
indicates that infection with a virus of the 


lymphogranuloma venereum psittacosis group has 
occurred. 

A positive Frei test, together with a positive 
complement fixation test at a serum dilution of 
1 in 16 or over, in a patient suspected of having 
lymphogranuloma venereum is good evidence of 
active lymphogranuloma venereum infection. Acid 
extracts of lymphogranuloma venereum and psitta- 
cosis viruses appear to give specific reactions when 
injected intradermally in human infections with 
these two viruses. 

We wish to express our indebtedness to Mr. A. J. 
King, Director of the Venerea! Disease Department of 
the London Hospital, and his colleagues. Dr. F. Curtis 
and Dr. C. Nicol, for their co-operation in this investi- 
gation, as well as to the numerous doctors outside the 
London Hospital who supplied us with material and 
information. 
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A method has recently been described (Elek, 
1948) for the detection in vitro of toxin-producing 
organisms including C. diphthcriae. The present 
paper has two purposes. The first is the examina- 
tion of a larger series of strains of C. diphthcriae 
with a view to establishing the reliability of the 
procedure, for if the method is to be of any 
practical value for clinical purposes it must 
demonstrate all toxin-producing strains within a 
reasonably short time. The second purpose is the 
standardization of the ingredients used so as to 
yield the best results and to ensure that the condi- 
tions of the test may be accurately reproducible in 
different laboratories. 

Petrie and Steabben (1943) first suggested the 
use of nutrient media as a matrix for toxin- 
antitoxin reactions. They evolved a method for 
the detection of toxicogenic clostridia and briefly 
reported some experiments with diphtheria bacilli. 
Ouchterlony (1948) showed that when diphtheria 
antitoxin was incorporated in a serum ditch plate 
and a toxin-producing strain streaked across, 
several lines were produced, one of which was 
caused by the toxin. For the practical test of his 
in vitro method he incorporated various concentra- 
tions of antitoxin in serum agar plates, as did 
Petrie and Steabben (1943), and each strain was 
tested on a series of plates with falling antitoxin 
concentrations. The appearance of a halo around 
the inoculum was regarded as positive. Two series 
of strains were examined by this method and by 
the subcutaneous guinea-pig test. In the first series 
of 237 strains there was a discrepancy amounting 
to 8.5%. Of the guinea-pig positive strains 5.1% 
failed to give a halo, and 3.4% of avirulent strains 
gave false positives. In the second series of 308 
strains the discrepancy was 6.2%, and included 
4.2% false positives. Elek (1948) criticized Petrie 

•Part of Ph.D. (London) thesis submitted July, 1948 . 


and Steabben’s method on the grounds that a ring 
in a serum plate does not necessarily signify a 
toxin-antitoxin reaction and described a new tech- 
nique using a medium better suited for toxin pro- 
duction. The antitoxin gradient was set up by 
means of a filter paper strip dipped into highly con- 
centrated refined antitoxin. This system was found 
to be free from the zone effect and the theoretical 
considerations are dealt with in a later paper (Elek, 
in press). In a small series complete agreement 
was found between the in vivo and in vitro 
methods, and furthermore the results could be 
read within 24 to 48 hours compared with the 
48 to 96 hours required by the piethod using serial 
plates containing graded quantities of antitoxin. 
Carter and Wilson (1949), using Elek’s method but 
substituting human serum for horse serum, found 
absolute agreement with 200 strains between the 
in vivo and in vitro tests. Ouchterlony (1949) in 
a later paper reports the use of serum ditch plates. 
Readings were taken at 24-hour intervals for up to 
four days. 

Concerning the constituents of a medium 
designed to give a good yield of toxin much 
information is already available. Almost all the 
work however was carried out with the classical 
Park-Williams No. 8 strain, and it is by no means 
certain that a medium giving optimal toxin produc- 
tion with it will necessarily meet the requirements 
of all other toxin-producing strains. Until about 
25 years ago it was widely believed that only meat 
infusion media could be used for the culture of 
diphtheria bacilli. Davis and Ferry (1919) stated 
that it was impossible to obtain growth unless 
0.2% meat infusion was present, and 10% was 
needed for toxin production. Wadsworth and 
Wheeler (1928) succeeded in producing toxin on 
peptone without meat infusion, but with various 
chemicals added. The addition of glucose to 
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infusion media as a source of energy was suggested 
by various authors (Park and Williams, 1896 ; 
Smith, 1899 ; Locke and Main, 1928 ; Ramon, 
1929 ; Hazen and Heller, 1931) and sodium lactate 
was introduced by Wadsworth and Wheeler in 
1928. Pope (1932a) in a very careful reinvestiga- 
tion of the effect of various carbohydrates and 
organic acids found that a concentration of 0.6% 
lactic acid was optimal. He used proteose-peptone 
for his media and the Park-Williams No. 8 strain 
fgr toxin produ:tion. He concluded that acclimat- 
ization to the medium was unimportant, but severe 
heat treatment; such as autoclaving of the medium, 
would destroy toxin production without interfer- 
ing with growth. Pope and Healey (1933a and b) 
examined maltose concentrations and found 0.4% 
to be the optimum, 0.8% yielding decidedly less 
toxin. They found further that the best growth 
of the organism did not necessarily yield the maxi- 
mum amount of toxin, but that this varied with the 
medium. They also established the very important 
fact that the initial presence of the toxin was with- 
out effect on growth and further toxin production. 
Finally they proved that toxin production was 
maximal, other things being equal, when growth 
occurred at the air /liquid surface. The results of 
these observations were incorporated in the 
medium previously described (Elek, 1948). 

Experimental Work and Materials 

Subsequent work has shown that successive batches 
of the medium showed some variation, and slight 


modifications have been made. Charcoal-clearing has 
been omitted, as filtering through paper pulp resulted 
in a sufficiently clear medium. The method of adjust- 
ing the reaction had to be standardized as this stage 
determines the precipitation of phosphates, and conse- 
quently the iron content of the medium. The prepara- 
tion of the medium was accordingly modified as 
follows. 

Twenty grammes of proteose-peptone (*' difco ,T ), 3 g. 
of maltose, and 0.7 ml. of lactic acid (B.P.) were dis- 
solved in 500 ml. of distilled water. To this 1.5 ml. 
of 40% NaOH was added and the medium well shaken 
and heated to boiling point. The deposit was filtered 
off through filter paper and the reaction adjusted to 
pH 7.8 by adding normal HC1. Then 500 ml. of 3% 
agar (powder) were prepared in 1% NaCI and its re- 
action adjusted to pH 7.8. This was filtered through 
paper pulp in a Buchner funnel and then added to the 
fluid base. After distribution in 10 ml. quantities it 
was sterilized bv autoclaving for 10 minutes at 10 lb. 

To ensure an even thickness of the medium special 
compressed flint-glass petri dishes, 34 in. in diameter, 
were used. As these are mould-compressed the 
bottoms are absolutely flat, and this combined with 
a standard amount of medium for pouring (12 ml.) 
gives an even thickness in all the plates. The plates 
were poured on a levelling board supported on three 
points and set horizontal with a spirit level. For 
routine purposes neither the mould-compressed plates 
nor the levelling board is absolutely necessary. Com- 
mercial refined diphtheria antitoxin globulins were 
used diluted with sterile carbol-saline (0.5?o phenol in 
normal saline) to a concentration of 1,000 units per 
ml. This preparation of antitoxin contains 0.35% of 
cresol, but as this does not diffuse out it does not 
interfere with the reaction. In 
fact dilution with carbol-saline is 
useful as it reduces the risk of 
contamination. A filter strip 
measuring 60 mm. by 15 mm. 
sterilized by dry heat w-as 
moistened with the antitoxin by 
immersing it completely or drop- 
ping the antitoxin on to it. Plates 
were poured with 10 ml. of the 
medium and 2 ml. of normal 
horse serum and the filter strip 
was embedded in the still fluid 
medium leaving an unbroken sur- 
face for inoculation. Two brands 
of maltose were tried. One was 
an old batch without a manufac- 
turer's name and the other was 
" difco." They gave identical re- 


Fig. I . — Comparison, on the basis 
of the time required for pos- 
itive results, of two batches 
of medium (strains 1 to 8). 
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suits. Two samples of lactic acid were tried, and 
although both complied with B.P. requirements, only 
one gave satisfactory results, no lines being produced 
with the other within 48 hours. 

Method for Assessing Media, — It was found that 
different batches thus prepared did not show appreci- 
able variations. Furthermore, the time of appearance 
of the toxin-antitoxin line for a given organism on 
different batches was roughly the same. Fig. 1 shows 
a set of experiments illustrating this point. Two 
identical batches of media were prepared with 
proteose-peptone (“ difeo ”) and the same batch of 
horse serum was used for enrichment of both. Eight 
virulent strains of C. diphtheriae were used consist- 
ing of three gravis, three mitis, and two intermedins 
strains. The tests were carried out in the ordinary 
fashion by streaking each organism at right angles to 
the filter strip. The width of the streak was not 
standardized beyond using the same loop. Readings 
were taken at three-hourly intervals, day and night, 
for 48 hours and the earliest appearance of the lines 
recorded. The maximum time difference for any one 
strain on the two media was about 15 hours, and the 


potent, yielding a high lethal, dose and Lf 10.5, 
whereas the same medium prepared with Witte’s 
peptone or Tcruuchi peptone gave toxins of low 
potency only. With 44 difeo ” protcosc-pcptone 
Ando and Komiyama (1935) obtained yields of Lf 18 
or more, thus confirming Pope's results. Apart from 
“ difeo ** proteose-peptone (Fig. 1), five further brands 
of peptone were tested by substituting them in the 
preparation of the medium described. These were 
“difeo” peptone, “ cupeptone No. 1,” Evans pep- 
tone, “ oxoid," ,and Witte's peptone. All the media 
were prepared in exactly the same manner and the 
same eight strains were used for all these experiments. 
The same batch of scrum (serum A in Fig. 3) was used 
throughout. The plates were incubated for five days, 
readings being taken three-hourly day and night for 
the first 60 hours, and thereafter every 12 hours. 
Fig. 2 shows the results obtained, the height of the 
lines representing the incubation necessary to obtain 
a positive icsult. An arrow indicates absence of line 
production within the five days of the experiment. It 
will be seen that two of the peptones, 44 difeo ” and 
Evans, gave positives with all the eight strains well 


average about five 
hours. Clearly the 
time of appearance of 
the lines can serve as 
a rough measure of 
the suitability of the 
medium for toxin pro- 
duction. In this way 
a comparison can be 
made, for instance, 
between the efficacy, 
for the purposes of 
this test, of various 
commercial peptones. 

Choice of Peptone. 
— It is well known 
that media prepared 
with different commer- 
cial peptones show 
great variation in 
toxin production. 
Thus Hosoya, Ozawa, 
and Tanaka (1933) 
found that Chapoteau 
peptone was highly 


Fig. 2. — Effect of 
various peptones 
on toxin produc- 
tion. Suitability 
of the peptone for 
the pun?oses of 
the test is inverse- 
ly related to the 
height of the 
lines. Strains 1 
to S identical with 
those in Fig. 1. 
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within 48 hours. The general impression one gains 
is that neither is quite as potent as the “difco” 
proteose-peptone (compare Fig. I). Evans peptone, 
however, is almost as good, and “ difco ” ^ peptone 
comes third. “ Eupeptone Mo. 1,” “oxoid” and 
Witte's peptone are clearly unsuitable for the pur- 
poses of this test. Witte's peptone gave positives with 
only two strains within 48 hours (both gravis). The 
other two peptones gave no positives in two days, the 
time within which all virulent strains gave positive 
results with proteose-peptone. Evans peptone is prob- 
ably suitable for the test, but testing with a much 
larger series is required. So far this has been done 
only with “ difco ” proteose-peptone. 

Iron and Copper Content . — Locke and Main (1930) 
found that media usually used for toxin production 
contained about \~4 mg. of copper per litre, and about 
0.1 to 0.4 mg. of iron per litre. Pope (1932b) re- 
investigating the problem found that the addition of 
copper to media had little effect as long as it did not 
exceed 8 to 10 mg. per litre, which was the maximum 
tolerated. He also found that filtered medium was 
improved by iron, but media sterilized by heat did not 
require additional iron. Amounts of 0.5 mg. per litre 
were found to be definitely detrimental. The effect of 
iron on toxin production has been further investigated 
in recent years (Pappenheimer and Johnson, 1936 ; 
Mueller, 1941 ; Mueller and Miller, 1941). These 
workers found that the optimal amount of iron varied 
greatly with the composition of the medium and with 
the strain. No attempt was made in the preparation 
of the media used in the present experiments to con- 
trol either the copper or the iron content, except by 
the use of glass vessels and the careful control of the 
precipitation of the phosphates. The iron contents of 
the broths prepared with various peptones were deter- 
mined in case the reason for the divergent results lay 
in this. Table I shows the total iron content of the 
fluid base prepared with the six peptones tested. 

TABLE I 


IRON CONTENT OF BROTH MEDIA PREPARED WITH 
DIFFERENT PEPTONES 

Peptone j 

Fe (mg./lOO ml ) 

‘Difco” proteose-peptone 


0.021 

Evans ... 


0.035 

“Difco” ... 


0.086 

Witte's 


0.050 

“Oxoid” ... 


, 0.046 

“Eupeptone No. 1” 

... 

: 0.042 

i 


Except for the addition of agar these media were 
identical with the ones referred to above. Clearly 
the iron content does not explain the variation in 
toxin production although the best results were 
obtained with the tw-o peptones showing the lowest 
iron values. Considerations of the iron content 
of the dry reagents (Table IT) shows that little 


TABLE H 

IRON CONTENT OF DRY REAGENTS 


Reagent 

Fe {mg./100 ml.) 

Agar powder 

5.64 

“Difco” proteose -peptone 

3.93 

Evans peptone 

4.35 


significance can be attached to small variations 
occurring in the final medium. It can be calculated 
that L5/o agar corresponds to 0.084 mg. Fe. per 
100 ml. For purposes of comparison this w-as left 
out of account partly because it represents a constant 
addition to all the media and partly as not all of it is 
in an ionizable form. The calculated amount of iron 
in 2% proteose-peptone is 0.078 mg. per 100 ml. as 
against the 0.021 mg. actually found. Thus, in the 
preparation of the medium approximately three- 
quarters of the iron is lost with the precipitation of 
the phosphates. A similar loss can* be calculated in 
the case of Evans peptone. The essential fact is that 
media prepared in glass vessels will yield satisfactory' 
results without an adjustment or even determination of 
the iron content so long as the precipitation of the 
phosphates is carried out in a standard manner. 

Serum Enrichment . — The remaining variable is the 
added sterile normal horse serum. Early in the course 
of these experiments it w-as noted that the addition of 
horse serum improved the reaction. This effect may 
w-ell be due to enrichment of the medium leading to 
increased toxin production, or the adjuvant effect may 
be upon the flocculation, or possibly both these 
causes may be operative. It was assumed that even 
though the antitoxin in the strip might contain all the 
necessary non-specific constituents for flocculation it 
w'ould be unlikely that they w-ould follow- the same 
concentration gradient as the antibody globulins. On 
the other hand the addition of normal serum to the 
medium will yield an even concentration of any non- 
specific substances that may be required to intensify 
the flocculation lines. The views as regards the need 
for non-specific substances in flocculation reactions 
are somewhat contradictory', and the available infor- 
mation concerning their role and nature is insufficient 
for application to this test in a systematic way.. It was 
decided, therefore, to examine the problem empirically. 

Although, as has been show-n, an exact reproduc- 
tion of the base medium is relatively easily obtained, 
the addition of different batches of horse sera may 
materially affect results. This is clearly a consider- 
able disadvantage for a routine test, since in the 
absence of know-ledge of the various factors which 
determine the usefulness of the horse serum little can 
be done to obtain uniformity. Attempts to substitute 
bovine albumin for the horse serum w-ere not success- 
ful. The sera used in the course of these experiments 
were commercially obtained No. 2 normal horse 
serum, heat treated, and issued for the preparation of 
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Fig. 3.— Effect of different batches of horse serum (A, B, and C) and the effect of adding diphtheria antitoxin to 
scrum A. Base medium prepared with il difco ” proteose-peptone. Strains 1 to 8 same as in Figs. 1 and 2. 

media by the Wellcome Physiological Research within 48 hours, the lines becoming visible a few hours 

Laboratories. The results obtained with three later. Clearly with this serum one would miss two 

different batches of horse sera are shown in Fig. 3. virulent strains unless readings were taken after two 

Two of these (A and B) were No. 2 Wellcome brand days. It is hardly possible to conjecture why this 

sera and the third (C) was a normal horse serum serum was inferior to the others, but one possible 

obtained from a different source. The same eight explanation might be that it contained natural diph- 

strains of diphtheria bacilli were used as in the theria antitoxin which interfered with the reaction, 

previous experiment. The base medium was the same Normal horse sera of course vary in this respect, and 

batch for all, made with proteose-peptone. Readings in some unselected samples the titre may be quite 

were taken as before. Sera A and B did not differ in appreciable. It seemed interesting to test the hypo- 

any material way, and both yielded positives for all thesis whether a “ bad ” serum could be unsatisfactory 

the strains well within 48 hours. Serum C, on the on account of a high antitoxin level. To scrum A 

other hand, required longer incubation for the lines to varying amounts of crude horse antitoxin were added 

develop, and two strains failed to give positive results to yield concentrations of 1 unit, 5 units, and 10 units 
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per plate. As the volume per plate was 12 ml. this 
corresponds to 0.08 unit, 0.42, and 0.83 units respec- 
tively per ml. of medium. Fig. 3 shows the effect of 
the added antitoxin: with 1 unit per plate five strains 
gave positive results within 48 hours, but three strains, 
one gravis and two intermedins, failed to produce 
lines even in five days. Five units per plate almost 
completely inhibited the reaction, but two strains just 
managed to produce lines within five days. It is clear 
from this that a high naluraf antitoxin level will give 
an unsatisfactory serum for this test. On the other 
hand there is no evidence that this is the only reason 
for a serum proving unsatisfactory. It was found that 
the addition to serum C of purified diphtheria toxoid 
in amounts sufficient to over-neutralize any natural 
antitoxin did not improve it. This variation in the serum 
is at present difficult to overcome and represents the 
most serious disadvantage to routine use of this 
medium. Admittedly only small quantities of serum 
are required per plate, and each plate can be used for 
about six strains.' Furthermore, a batch of serum 
once tested and found satisfactory can be kept in the 
refrigerator for long periods without apparent deterior- 
ation. The difficulty was the initial testing of the 
batch. At first a known strong toxin-producing strain 
was included on every plate, but this is obviously not 
satisfactory since weak toxin-producers can be over- 
looked in this way. Dr. A. T. Glenny suggested the 
use of a strain which he used for many years as a 
control in intraculaneous virulence tests. This strain, 
which he kindly let me have, was maintained in the 
freeze-dried state and has a fixed low virulence : in 
the ordinary skin tests it gives a reaction which can 
just be accepted as positive. On testing with the plate 
method it was regularly late in producing a line, and 
with serum A it required about 40 hours’ incubation 
for a positive reaction to appear. Two further strains 
were encountered which showed similar behaviour, 
one a ’gravis and the other an intermedins strain. Both 
of these were reported as giving a very weak intra- 
cutaneous virulence test, and this had its counterpart 
in a weak line appearing only towards the end of the 
second day’s incubation. At present this biological 
approach constitutes the only way of standardizing the 
serum. Once a batch is found satifactory it can be 
ept at low temperature, but it is advisable to include 
one of the weakly toxicogenic strains with each series 
ot tests as a control. 


The Reading of the Test. — The reading of the test 
presents no difficulties and requires no previous experi- 
ence. The lines at their earliest appearance require 
oblique illumination and a hand lens. Good oblique 
illumination can be obtained by mounting two pieces of 
photographic paper between half-plate glass leaving a 
strip of about 1 cm. in the middle. This slit is held 
behind and parallel to the filter strip. By moving it 
slightly up or down in front of an electric bulb, a very 
early reading of the lines can be taken. However, a 
few hours later they become readily visible even by 
transmitted light. By the end of 24 hours the large 
majority of the virulent strains showed lines easily 
visible by transmitted light. 

Comparison of In Vivo and In Vitro Tests 

The final assessment of the method from the practi- 
cal point of view lies in its usefulness when applied to 
a larger number of strains of C. diphtheriae and in its 
agreement with the accepted animal tests of virulence. 
When we examine the tests used as a routine for 
establishing whether a strain is ** virulent ” or not, we 
find that the test, subcutaneous or intradermal, is 
based on specific neutralization of toxin produced in 
vivo. The difference between the established viru- 
lence tests for diphtheria bacilli and the in vitro test 
described here, is only the difference between the 
conditions leading to toxin production. In other 
words, the question to be answered is whether it is 
possible to produce a nutrient medium catering for 
the individual requirements for toxin production of ail 
the strains encountered and whether the test is sensi- 
tive enough to detect the presence of the toxin thus 
produced. The results of parallel tests carried out on 
135 strains are shown in Table III, the same strains 
giving identical results by each method. These strains 
were mostly isolated and tested during the latter part 
of 1947 in* London. The determinations of type and 
guinea-pig virulence were carried out independently 
of the plate tests by the bacteriologists who supplied 
the strains. Of the 67 strains described as gravis only 
one was avirulent, and this was obtained from the 
National Collection of Type Cultures. Of the 45 
mitis strains, on the other hand, no less than 13 were 
avirulent, and all but one of these were isolated in the 
course of routine work. Of the 23 intermedins and 
untyped strains three were avirulent. 


TABLE HI 

COMPARISON OF GUINEA-PIG AND PLATE VIRULENCE TESTS 


Type of C. diphtheriae 

Guinea-pig Test 

Plate Test 

Total No. 

Virulent 

Avirulent 

Positive in 
24 Hours 

Positive in 
48 Hours 

Negative in 

58 Hours 


Gravis 

66 

1 

61 

66 

1 

67 

Mitis 

32 

13 

27 

32 

13 

45 

In temtedius and untyped... 

20 i 

3 

14 

20 

3 

23 
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Discussion 

The fact that the agreement in this series was 
absolute suggests that the sensitivity of the two 
tests is of a comparable order, and this is further 
borne out by the findings with the weakly toxi- 
cogenic strains already referred to. This is sur- 
prising indeed as the amount of diphtheria toxin 
required to produce a positive skin test in a 
guinea-pig is extremely minute, whereas the mini- 
mum amount of toxin required to produce a visible 
line in the plate is considerable and amounts to 
about 6 units. The two tests are, however, not 
comparable on the basis of the quantity of toxin 
alone since the conditions under which the organ- 
isms grow are vastly different. In the plate tech- 
nique the organisms grow unhindered and a 
surplus of nutrient material designed for toxin 
production is available so that the accumulation of 
toxin is continuous. 

From these observations it would seem natural 
to connect the time of appearance of the lines 
with the amount of toxin produced. Clinically and 
epidemiologically a method giving quantitative 
information of an organism’s toxin-producing 
capacity would be of value. In model experiments 
using one filter strip soaked in toxin and the other 
in antitoxin, the position and angle of the line were 
related to the quantities used. With a streak of 
inoculum, however, visible growth precedes for a 
variable time the formation of the to>pn-antitoxin 
line. The position of the line formed is dependent 
therefore on the actual shape of the antitoxin 
gradient at the time when toxin begins to be pro- 
duced in an appreciable concentration. It is not 
practicable, for routine purposes, to measure the 
distance of the line from the filter-strip. Oh the 
other hand it was found that a given strain will pro- 
duce a line within more or less the same time on 
repeated examinations, and it seems that the time 
can be taken to reflect a biological characteristic of 
the strain. Thus, although it is strictly speaking 
not a measure of the amount of toxin formed by 
a given strain, it still yields information of interest 
concerning the toxin-producing capacity. 

Twenty-nine of the 135 strains tested were 
obtained from the National Collection of Type 
Cultures. Of these 27 were found to be virulent : 
20 yielded positive plate tests within 24 hours and 
seven (26%) only after 48 hours’ incubation. Of 
the remaining 106 strains, the majority of which 
were freshly isolated, 91 were virulent. Eighty- 
three of these showed a positive plate reaction 
within 24 hours, but eight strains required 48 hours’ 
incubation for the positive reaction to appear. This 
confirmed the impression that old laboratory 


strains require rather longer incubation. The per- 
centage of strains requiring as long as 48 hours’ 
incubation to produce a positive reaction was 26% 
of the old laboratory strains, but only 8.8% of the 
freshly isolated virulent strains. Admittedly the 
numbers in each group are small. It is also 
interesting to note that all the freshly isolated 
gravis strains were virulent, and of these 27 were 
positive in 24 hours, leaving only two strains that 
needed two days’ incubation. In the group of 
intermedins and untyped strains six were obtained 
from the National Collection of Type Cultures, 
but a further three were stock cultures. Gf the 
remaining 14 freshly isolated strains 12 were viru- 
lent and two were not. Of the 12 virulent strains 
10 gave positive results in 24 hours and the other 
two in 48 hours. Thus of the 88 freshly isolated 
virulent strains 81 (over 92%) were recognizable 
as such by means of the plate technique by the end 
of the first day. It was also observed that not only 
old stock cultures, but also freshly isolated strains 
can give a sluggish reaction if the streak on the 
test medium is made from a culture more than 
24 hours old. It is essential, therefore, to use a 
young culture. The original culture may be 
on inspissated serum, blood agar, or tellurite 
medium. 

It can be concluded from these data that the 
routine virulence test as performed by the intra- 
dermal method, and the in vitro test here described, 
give complete agreement as regards the 135 strains 
tested. This statement does not, however, invali- 
date the argument that true “ virulence ” of diph- 
theria bacilli is not synonymous with toxicogeni- 
city. If there is a difference and toxin production 
is only one of the criteria of virulence, then we 
have at present no method available to assess the 
sum total of the various factors entering into the 
concept of virulence. It is clear, however, that 
toxin producion is a sine qua non of virulence. 
It is not possible to say whether a reversion to 
toxin production occurs in the case of avirulent 
strains. An interesting observation bearing on this 
question was made in the case of an old type 
culture strain (N.C.T.C, 322 /Gentry). This was 
received as avirulent, having been tested in 1920 
by the bacteriologist who isolated it. It was then 
found that 4 ml. of a culture filtrate (further details 
not available) were non-lethal to guinea-pigs. 
This organism was found to be toxicogenic in vitro 
and this was confirmed by an intradcrmal animal 
test. Unfortunately the data of the original viru- 
lence testing were not sufficiently detailed and it is 
not possible to say whether a reversion to virulence 
occurred in this case. 


THE PLATE VIRULENCE TEST FOR DIPHTHERIA 


257 



Fig. 4. — Looping of the toxin-antitoxin lines and the 
demonstration of non-specific turbidities. Strains 1, 2, 
3, and 7 virulent in vivo (-F). . Strains 4, 5, 6, 8, and 9 
avirulent (— ). 



Fig. 5. — Plate photographed after prolonged incubation 
and several days at room temperature showing second- 
ary lines. Strains 1 and 3 are virulent, 2 is avirulent. 
Strain 1 shows two fine lines developing between the 
toxin line and the filter strip. 

T 


The rule of looping can be made use of when 
determining minimal toxin production by a strain. 
Fig. 4 shows a plate with nine strains of which 
Nos. 1, 2, 3, and 7 were virulent (-f) and Nos., 4, 
5, 6, 8, and 9 avirulent ( — ) in vivo . Strain No. 2 
is weakly toxicogenic and the lines produced by 
strains No. 1 and No, 3 show marked bending on 
approaching it. When the lines approach a strain 
that is devoid of toxin production they remain 
straight and cut the non-toxic streak ; that is, the 
line of strain No. 3 cuts across strain No. 4 which 
is non-virulent. It should be stressed, however, 
that the looping effect only applies when both 
lines are simultaneously produced. If one lags 
behind an angular joining of the lines occurs, as 
seen between strains No. 2 and No. 3, and this is 
due to the rearrangement of the antitoxin gradient 
around the line first formed. Any turbidity around 
the streak should be disregarded, since many 
organisms produce non-specific turbidities in 
serum agar media. Thus strain No. 7, which is 
virulent, produces a halo, but so does strain No. 8 
as well although it is avirulent. 

When the incubation is prolonged beyond 48 
hours, or the plates left at room temperature for 
several days, very fine lines showing the typical 
arrowhead form may appear (Fig. 5, strain No. 1). 
These lines are definitely not due to toxin produc- 
tion as they appear with both virulent and aviru- 
lent strains. To avoid confusion the plate test 
must not be read later than 48 hours. The charac- 
teristics of these secondary lines are as follows: 
they appear late, usually after several days, they 
are fine, and may number two or three. Apparently 
they are due to diffusible antigens produced by 
diphtheria bacilli, the exact nature of which 
requires further elucidation. 

In view of the secondary lines it is most 
important that the medium used in the plate 
test should be capable of demonstrating minimal 
amounts of toxin production in 48 hours, that is, 
before the appearance of secondary lines might 
lead to confusion. The medium, the prepara- 
tion of which is here described, satisfies this 
requirement. 

Summary and Conclusions 

A method is described for assessing the value of 
various constituents in the preparation of media 
for the diphtheria plate virulence test. 

Six different brands of peptone were found to 
vary in their suitability for the test. 

The iron content of the media required no 
adjustment provided the preparation followed the 
routine described. 
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Batches of horse sera vary in their suitability 
for the test and the value of the serum used has 
to be established empirically. 

A series of 135 strains gave identical results by 
the plate test and the intradermal guinea-pig test. 
The sensitivities of the two tests were found to be 
of the same order. 

Over 92% of freshly isolated virulent strains 
gave a positive reaction within 24 hours with the 
plate test, and 100% were positive after 48 hours’ 
incubation. Readings must not be taken later than 
48 hours. 

I wish to express my sincere thanks to Dr. A. G. 
Signy, Dr. E. Straker, Dr. A. Beck, and Mr. H. Proom 
for supplying various strains ; to Dr. J. E. McCartney 
and Mr. J. C. Monckton for virulence-testing as well 
as supplying strains ; to Professor T. Crawford for 
valuable help in the preparation of the paper, and 
to Mr. T. Shaw and Mr. T. Pringle for technical 
assistance. 
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A case of congenital toxoplasmosis has recently 
been seen in this hospital The patient, a girl aged 
5 years, presented -with hydrocephalus, bilateral 
pes cavus, and blindness. The eyes showed exten- 
sive retinochoroiditis thought to be characteristic 
of toxoplasmosis. Radiographs of the skull 
showed areas of cerebral calcification. Two years 
before the birth of the patient the mother had 
suffered from an illness accompanied by a rash 
and headache, thought to be rubella. Otherwise 
there was no family history suggestive of toxo- 
plasmosis, and the mother was in good health. The 
clinical aspects of this case are being reported 
elsewhere. 

Although cases of toxoplasmosis are being 
reported from all over the world, so far only 
three cases have been published in England. In 
the case of Jacoby and Sagorin (1948) the sero- 
logical confirmation of the diagnosis was obtained 
from Dr. Sven Gard, of Stockholm, and in the 
two cases of Farquhar and Turner (1949) the 
serology was done by Dr. Sabin, of Cincinnati. 
Owing to the apparent rarity of the disease few 
laboratories in this country deemed it worth while 
maintaining a strain of Toxoplasma, but as more 
cases are suspected on clinical grounds laboratory 
methods of investigation will have to be made 
available. This communication is an account 
of the diagnostic laboratory tests at present in 
use and our experiences with them in the case 
mentioned above. 

The laboratory methods available for the diag- 
nosis of toxoplasmosis are the isolation of the 
organism and the demonstration of antibodies to 
Toxoplasma in the patient’s serum. In addition, 
a s ^ n taction, similar to the tuberculin reaction, 
may be obtained in positive cases with an antigen 
prepared from the Toxoplasma. All these tests 
are associated with the names of Sabin and his 
associates, on whose writings we have freely 
rawn. The clinical pathology of the condition 
affords little diagnostic help, although in the acute 
Phase an increase in cells and protein in the 


cerebrospinal fluid is sometimes seen (Sabin, 
1942a), an increase in protein but not in cells 
being occasionally found in apparently healed 
cases. No specific blood changes or eosinophilia 
have been reported. In the present case both the 
cerebrospinal fluid and the blood picture were 
normal. 

Attempts to Isolate Toxoplasma 

A centrifuged deposit of the cerebrospinal fluid 
was examined microscopically for Toxoplasma, 
with negative results. Part of the deposit was 
inoculated intraperitoneally and intracerebrally 
into mice. After one month, during which the 
mice remained well, they v.ere sacrificed and emul- 
sions of their brains and viscera were inoculated 
into further mice. This precautionary passage is 
necessary because sometimes primary inoculation 
of infected material causes no manifest disease, 
whereas material from such mice is capable of 
causing sickness when passaged to further mice. 

In this experiment none of the mice became ill 
at any stage. In view of the long clinical history 
of our case and the normal cerebrospinal fluid this 
negath'e result was not surprising. 

As Toxoplasma is apparently an obligate intra- 
cellular 'parasite, multiplying within fixed tissue 
cells, it is unlikely that an artificial culture medium 
will be elaborated for its isolation. In the present 
case, cultures were attempted from the cerebro- 
spinal fluid on several occasions into Boeck 
and Drbohlav’s, N.N.N., and Harding and Haw- 
king's (1944) trypanosome medium, with negative 
results. Inoculation into developing eggs was also 
unsuccessful. 

Serological Methods 

So far, neutralizing (Sabin and Olitzky, 1937), 
complement-fixing (Warren and Sabin, 1942), and 
cytoplasm-modifying (Sabin and Feldman, 1948) 
antibodies to Toxoplasma have been described. 
The complement-fixing antibody appears to be 
different from the neutralizing antibody in that it 
is more heat stable and may appear later and 
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disappear earlier in the disease. Similarly, it is 
different from the cytoplasm-modifying antibody 
in that sera containing a high titre of the latter 
may be devoid of complement-fixing antibody. 
Cytoplasm-modifying and neutralizing antibodies 
usually seem to occur together, but whether they 
are in fact identical is not yet clear. For these 
reasons we deal with the three antibodies and their 
demonstration separately, despite the fact that 
what is called the cytoplasm-modifying antibody 
may be the neutralizing antibody reacting in a 
sphere other than the rabbit skin. 

Sabin (1948) expresses dissatisfaction with the 
rabbit neutralization test on the ground that, while 
it is capable of demonstrating the presence of 
neutralizing antibodies in the serum under investi- 
gation, it is impossible to tell whether these were 
acquired as the result of the present clinical disease 
or as a result of previous inapparent infection. 
He also states that these antibodies may not be 
present shortly after infection has taken place or 
some years after the infection has burned out, so 
that a negative complement-fixation test may be 
misleading. The cytoplasm-modifying antibody 
test and the quantitative data yielded by it he 
regards as most valuable in deciding the state of 
activity in a given case. 

The Rh strain of Toxoplasma , a strain virulent 
for mice, was obtained through the courtesy of 
Colonel H. E. Shortt, of the London School of 
Hygiene and Tropical Medicine. This is the strain 
originally isolated by Sabin in 1939 from a case 
of acute encephalitis (Sabin, 1948), and it has 
since been maintained by passage in mice. Blood 
from the patient and her mother was withdrawn by 
venepuncture and allowed to clot in the refrigera- 
tor. The serum was separated four hours later and 
divided into 1-ml. amounts. Half of these were 
immediately frozen solid and stored at —60° C., 
while the remainder were inactivated at 60° C. for 
20 minutes for use in complement-fixation reac- 
tions and thereafter stored at -20° C. 

Neutralizing Antibody. — Levaditi, Sanchis- 
Bayarri, Lepine, and Schoen (1929), working with 
Toxoplasma infection in rabbits, were unable to 
demonstrate any neutralizing antibody in con- 
valescent serum, and concluded that the resulting 
immunity, which was absolute, was entirely cellu- 
lar in origin. Sabin and Olitzky (1937), however, 
showed that there was a species specificity to toxo- 
plasmosis. The majority of smaller animals, such 
as mice, guinea-pigs, and rabbits, died of the infec- 
tion, and survivors did not show any demon- 
strable antibody. Rhesus monkeys, on the other 
hand, developed a non-fatal infection, and their 


convalescent serum had the power to neutralize 
Toxoplasma when injected intracutaneously into 
the skin of a rabbit. Sabin (1941) showed that this 
neutralizing antibody also developed in human 
beings, and described a convenient method for its 
titration using ‘the intracutaneous route in the 
rabbit. He also showed that the neutralizing anti- 
body had no apparent in vitro effect on the 
Toxoplasma , as no agglutination or lysis could be 
detected in mixtures of immune serum and Toxo- 
plasma suspensions. Sabin and Ruchman (1942). 
working with rhesus monkeys, showed that this 
neutralizing antibody had certain unusual charac- 
teristics. It appeared early in the disease and 
persisted for at least 15 months without any 
marked change in titre. They also showed that 
the antibody was of low titre and extremely 
labile. It was inactivated at 56° C. for 30 minutes 
and the titre dropped markedly if kept at room 
temperature or stored at 4° C. for a few days. 
They found that the only method of preserving the 
antibody was by freeze-drying or by keeping the 
serum at -60° C. (This factor is of great impor- 
tance when testing for neutralizing antibodies in 
the laboratory.) Sabin (1942a) showed that the 
rabbit skin neutralization test was a reliable 
method for the diagnosis of the disease in humans 
and that a significant number of patients in whom 
the disease was suspected clinically had demon- 
strable neutralizing antibodies in their serum. 
Serum from the mothers of these cases usually had 
neutralizing antibodies as well. 

Heidelman (1945) obtained a weak to strongly 
positive result in neutralizing antibody tests in 
63% of a series of cases presenting congenital 
retinochoroiditis, and in six out of seven mothers 
of infants with congenital retinopathy. Sabin 
(1942b), in a group of 151 selected individuals, 
children with nervous and ocular diseases and 
many mothers of such children, found neutralizing 
antibodies in the sera of 59. Also, of 15 children 
presumably infected in utero with Toxoplasma , he 
observed that 13 of the mothers gave a positive 
neutralizing antibody test. Similarly Johnson et aL 
(1946), reviewing presumptive cases of toxo- 
plasmosis from the literature and their own centre, 
reported that of 45 patients with retinochoroiditis 
and serum neutralizing antibodies only seven failed 
to show radiological evidence of cerebral calcifica- 
tion. Further, taking 32 selected patients of 
various ages with central retinochoroiditis, active 
or inactive, they found that 20 possessed neutrali- 
zing antibodies in their sera. Crothers (1943) 
recorded nine children, belonging to five families, 
in which a clinical diagnosis of toxoplasmosis was 
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supported by serological evidence. All the children 
had cerebral calcification, and seven of them had 
inactive retinochoroiditis. The disease affected 
two children in two of the families, and the mother 
of one of the pairs had cerebral calcification. The 
presence of antibody in the sera of healthy siblings 
is common. In a study of a particular family with 
a toxoplasmic member Johnson ct al. (1946) found 
neutralizing antibodies in seven out of a total of 
nine children. 

In normal people and others with acquired 
retinochoroiditis Heidelman (1945) found evidence 
of neutralizing antibody in the sera of 10%. 
Choosing 5S normal people at random Binkhorst 
(1948) found antibody in the sera of six. Johnson 
a al. stated that four laboratory workers dealing 
with Toxoplasma research altered from negative 
to positive in their serum reactions, but no sign of 
illness occurred. 

Rabbit Skin Method. — This test was carried ou. 
in the present cases by the method suggested by 
Sabin and Ruchman (1942). Serial tenfold dilu- 
tions of Toxoplasma-infected mouse brain in 
Tyrode's solution were mixed with equal quantities 
of undiluted test serum. These were allowed to 
stand at room temperature for 30 minutes. Two 
controls were used, one incorporating a negative 
serum, the other in which serum was replaced by 
Tyrode's solution. After standing, 0.2 ml, was 
injected intracutaneously into a rabbit's back 
which had been suitably prepared for inoculation. 
Erythema usually developed around the serum- 
Toxoplasma mixtures after 24 hours and persisted 
for two to three days. Erythema and induration 
going on to necrosis developed on the third to 
fourth day, being maximal in those areas with 
higher concentrations of Toxoplasma. Readings 
were taken on the fifth and eighth days. The 
rabbits usually died between the tenth and twelfth 


TABLE I 


Extent of Rabbit Skin Lesions 


Serum 

Dilution of Infected Mouse Brain 

Result 

1/20 | 1/100 

1/1,000, 1/10,000 

V.D. . . 
Negative 1 
serum 
Tyrode 
control 
Mrs. D. 

++ + + *! ++ + 

T~ _r 4-~r j-f-f-r-r 
+ + + + ! + + + + l 

+ + + + -r-r 

i -r Doubtful 

1 t 

i -i — f — h -r | Negative 

1 -r — Negative 

— ! - Positive 


i 


necr< ,-:_ erythematous indurated lesion with central 

Sv Ix? i day ’ an arb * lrar y end-point at 1/20 in the control 
compared with this' control? nflnamt VaryinS dcgrecS ° f rcaCt, '° n 


days of generalized toxoplasmosis. The results of 
the test are shown in Table I. 

Difficulty was experienced in repeating these 
results. Accordingly, several variations in tech- 
nique were tried, and we found that Toxoplasma- 
infected mouse peritoneal fluid gave results which 
could be reproduced more accurately. 

This test is undoubtedly of great value in 
diagnosis but presents many technical difficulties, 
and when only a. few sera are being tested at 
a time and in the absence of a known positive 
control the interpretation of the results is made 
even more difficult. Professor C. P. Beattie, of 
the Department of Bacteriology, University of 
Sheffield, very kindly undertook to check these 
sera for us. He found that V.D.’s serum neutral- 
ized 100 rabbit skin doses, whereas Mrs. D.’s 
serum gave an indeterminate result. 

Chick Embryo Method. — Using the technique 
of Warren and Russ (1948) we adapted the Rh 
strain to the chorio-allantoic membrane. This 
appeared to offer several advantages. First, it 
avoided the necessity for continual animal trans- 
mission ; secondly, it provided a source of supply 
of the complement-fixing and skin-test antigens ; 
and lastly, it seemed to be a possible method of 
determining the neutralization index of a serum, 
analogous to that employed in the pock-counting 
method with herpes and vaccinia viruses. Some 
evidence was obtained that the present sera 
reduced the number of lesions on the chorio- 
allantoic membrane compared with several nega- 
tive control sera, but again we encountered various 
technical difficulties. These facts are mentioned 
here as they seem to warrant further investigation. 

Complement - fixing Antibody. — Warren and 
Sabin (1942) showed that specific complement- 
fixing antibodies developed in the rhesus monkey 
during convalescence, but that they did not persist 
longer than a few months. Obviously if similar 
antibodies developed in the human, the comple- 
ment-fixing test would provide a method of diag- 
nosis which would have the advantage of being 
rapid and would obviate the necessity for animals. 
The complement-fixing antibody appeared to be 
more stable than the neutralizing antibody in that 
it was not inactivated at 56° C. for 30 minutes and 
the titre persisted for a long time in the refrigera- 
tor. Warren and Sabin (1942) obtained fair corre- 
lation between positive human neutralizing sera 
and positive complement-fixation reactions, but the 
results were not entirely satisfactory. Of 43 sera 
with neutralizing antibody as many as 20 had no 
demonstrable complement-fixing antibody. This 
failure to find complement-fixing antibody may 
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have been due to several factors. In the first place 
the antigen, in this case prepared from rabbit 
brain, may have been too weak. Secondly, the 
physical conditions under which fixation was 
allowed to occur may not have been entirely satis- 
factory. Thirdly, the titre of the complement- 
fixing antibody might have fallen (none of the 
cases was acute) to a level at which it was no 
longer detectable. Warren and Russ (1948) have 
recently described a method of cultivation of 
Toxoplasma in the developing chick embryo and 
the production of a specific complement-fixing 
antigen from the chorio-allantoic membrane. 
Using this antigen they obtained results more 
comparable with those obtained with the neutral- 
izing antibody test, and significant titres were 
found even in cases which had presumably been 
infected several years previously. 

Complement-fixing Test . — Dr. J. Warren, of 
the Virus Research Department, Army Medical 
Department, U.S. Army, Washington, D.C., very 
kindly sent a sample of complement-fixing antigen, 
together with some hyperimmune guinea-pig serum 
as a positive control. 

The method employed was that of Warren and 
Russ (1948). Sera were inactivated at 60° C. for 
20 minutes. Serial twofold dilutions of test sera, 
from 1/2 to 1/256, were made in normal saline. 
Four units of antigen, previously titrated in the 
presence of two units of antibody, and two units of 
complement were added to each tube. Fixation 
was allowed to take place in the ice box (4° C.) 
overnight. The haemolytic system, made up of an 
equal volume of 3% sheep cells and two units of 
haemolysin in saline, was then added to each tube. 
Results were read after incubation at 37° C. for 
one hour; 100% fixation was taken as the end- 
point. The necessary controls, including a known 
positive serum, were set up with each test. Normal 
antigen was prepared from uninoculated chorio- 
allantoic membrane. The results obtained are 
shown in Table II. 


TABLE II 


Scrum | 

Serum Dilution giving 
j 100% Fixation 

Result 

Toxoplasma 
Antigen ! 

j Normal 
| Antigen j 

V.D i 

| 1/16 1 

0 : 

Positive 

Mrs. D. . . ! 

1/32 

0 

Positive 

Positive control 

1/128 1 

0 1 

Positive 

Negative control 

0 

1 

0 j 

1 

Negative 


0 -- No fixation at scrum dilution of 1/2. 


One of the many difficulties in any complement- 
fixation test is the interpretation of the results. In 
those cases where it is possible to test an acute and 
convalescent sample of serum and thereby demon- 
strate a rise in antibody as the result of infection, 
more significance can be attached to such an 
increase in antibody than to, the antibody level 
of a single sample. In chronic or healed toxo- 
plasmosis one is invariably testing single samples, 
taken in some cases many years after infection. 
In Warren's opinion (1948) a titre of 1 / 8 is doubtful 
and 1/16 positive. Furthermore, such titres have 
greater significance if there is clinical evidence to 
support the diagnosis. We have been able to 
examine five sera, three from cases with clinical 
evidence of toxoplasmosis and two of the mothers. 
In all five the complement-fixation titre was 1/16 
or greater when first tested. The titre did not 
vary after repeated tests during the ensuing two 
months. We also examined 200 routine Wasser- 
mann sera in order to obtain some idea of the 
normal antibody level of the population of this 
country. Of the 200 tested, 175 produced no fixa- 
tion at 1/2; 10 were anticomplementary, and 12 
showed some degree of fixation (in three cases up 
to 1/12) with both normal and Toxoplasma anti- 
gens. Three sera, however, gave titres of 1/4, 1/8, 
and 1/16 respectively, all controls being negative. 
These cases are being further investigated. 

On the other hand, a negative complement- 
fixation titre (1 /2 to 1/8) does not necessarily rule 
out the possibilty of Toxoplasma infection. These 
low titres may be the result of past infection or 
may be entirely non-specific. Ruchman (1948) has 
shown that approximately 10% of normal indivi- 
duals in the U.S. A. have demonstrable neutralizing 
antibodies in their serum. Frenkel (1948), in a 
survey of the population of the U.S. A., has shown 
that 20% of apparently normal people give a 
positive skin reaction with toxoplasmin. Figures 
for the incidence of complement-fixing antibodies 
are not yet available. Until a more detailed survey 
of normal people in this country has been made 
it will not be possible to assess the precise signifi- 
cance of a complement-fixation titre of less than 
1 /S, and for this reason it is advisable to test sera 
by all available methods before ruling out the 
diagnosis of toxoplasmosis. 

Cytoplasm-modifying Antibody. — The demon- 
stration of this antibody, as described by Sabin 
and Feldman (1948), depends on the ability of 
immune serum to modify the staining properties 
of living toxoplasmas. If a suspension of toxo- 
plasmas from mouse peritoneal exudate is sub- 
jected to the action of methylene blue the parasites 
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lake up the stain and at the same time their 
crescentic shape is altered towards the spheroidal. 
If, however, toxoplasmas are first incubated with 
immune serum and then methylene blue is added, 
a proportion of them, depending upon the strength 
of the antibody, retain crescentic shape and fail 
to take up the stain. In a positive case all the 
toxoplasmas are unstained in the higher concen- 
trations of serum, except that a prozone may be 
seen in the greatest strengths, while all take up 
the stain when the antibody is sufficiently diluted 
out. By suitable dilution a titre of the serum may 
be ascertained at which 50% of the toxoplasmas 
are stained, which is regarded as the end-point of 
the reaction. Fig. 1 shows both stained and 



¥ 



Fig. I. — Results seen in a cytoplasm-modifying test. 

The arrows indicate unstained toxoplasmas. X 300. 

unstained toxoplasmas. The unstained ones are so 
feebly refractile that it is almost impossible to 
photograph them, and the photographs of Sabin 
and Feldman of unstained toxoplasmas do not, in 
our experience, represent the completely unstained 
crescents which we consistently see with immune 
sera. 

Sabin and Feldman (1948) have shown that 
although the antibody is apparently very labile, in 
fact it is reasonably stable, and when potency has 
been lost it may be restored by the addition of 
normal serum. They describe an “ accezsory factor,” 
different from complement, which is sparingly 
present in human serum and very labile, whose 
presence is necessary for the cvtoplasm-modifying 
antibody to act. 


For the performance of the test the toxoplasmas 
must be used within an hour of being removed 
from the mouse. The antibody works slowly at 
room temperature, but its action is complete after 
one hour at 37° C. Methylene blue must not be 
older than three to four days, and for immediate 
staining Sabin and Feldman recommend a highly 
alkaline preparation, either 3 ml. of saturated 
alcoholic solution of methylene blue with 10 ml. 
of alkaline soda-borax buffer solution of pH 11 
(9.73 ml. of 0.53% Na 2 C0 3 plus 0.27 ml. of 1.9% 
Na 2 B 4 O_.10 H 2 0) or a freshly prepared 0.25% 
methylene blue solution in the pH 11 buffer. 

Four-day-old peritoneal exudates are used, 
because at this time they contain the greatest 
number of extracellular toxoplasmas and because 
they have not yet been affected by the immune 
response of the host. Immediately after removal 
from the mouse peritoneum the exudate is diluted 
1 : 5 with heparinized saline or serum to prevent 
the deposition of fibrin. Serial dilutions of the 
serum to be tested are made using a normal human 
serum to provide “ accessory factor,” and to these 
are added equal volumes of Toxoplasma suspen- 
sion. After incubation for one hour at 37° C. 
a drop from each dilution is mixed with half its 
amount of methylene blue and examined under 
a cover slip at a magnification of 475 for counting 
the numbers of stained and unstained parasites. 

Adhering rigidly to these instructions of Sabin 
and Feldman, we were unable to make the test 
work at all, presumably for a variety of reasons, 
some of which were clarified. First, with the 
Toxoplasma suspension diluted 1 : 5 with saline 
there was apparently an insufficiency of “ acces- 
sory factor,” and this w r as corrected by making the 
dilution in normal human serum. Secondly, for 
some unexplained reason we found that methylene 
blue solutions used on the day of preparation, 
which was our original practice, stained the toxo- 
plasmas so faintly that a reliable differential count 
of stained and unstained parasites was unobtain- 
able. Next, it was found that the recommended 
alcoholic methylene blue solution produced a 
deposit in the Toxoplasma suspension which 
rendered the parasites uncountable. Lastly, as 
luck would have it, the first donor serum used for 
diluting purposes yielded preparations in which 
none of the toxoplasmas was stained, although 
repeated several times, and eventually we found 
that this donor had a cytoplasm-modifying anti- 
body in his serum to a titre of 1/16. 

Cytoplasm-modifying Test . — The technique finally 
adopted, which differs in detail but in no wav funda- 
mentally from that of Sabin and Feldman, is as 
follows. 
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Four-day mouse peritoneal exudate is taken immedi- 
ately into an equal volume of normal human serum 
containing 100 units of heparin per ml. (with greater 
dilutions of the exudate we are unable to obtain 
sufficient extracellular toxoplasmas to permit of easy 
counting). To 1 volume of serial dilutions of the 
suspect serum in normal serum is added 1 volume of 
the exudate, and the mixtures are incubated in a water- 
bath at 37° C. for one hour. After removal from the 
bath, 1 volume of 0.25% methylene blue in pH 1 1 
buffer is added to each tube and counts are made 
after standing for a further 10 minutes on the bench. 
The methylene blue must not be less than two days 
old, and we have found that it stains well up to 14 
days. 

Occasionally for no apparent reason the whole test 
is a failure, all the parasites staining, none of them 
staining, or all staining so faintly that no differentia- 
tion can be made. For this reason we always include 
with the titrations controls of Toxoplasma suspension 
to ensure that the methylene blue is working, and a 
known positive serum titrated out beyond its end-point. 

When counting the preparations the unstained toxo- 
plasmas are often very difficult to see, which probably 
leads to an error in favour of the stained ones. To 
avoid any prejudice the counter does not know which 
serum or dilution he is examining. Intracellular para- 
sites stain whether immune bodies are present or not, 
and are excluded from the differential count. 

The simplicity of this test, when ail goes 
smoothly, is only offset by the necessity for main- 
taining a strain of living Toxoplasma in the 
laboratory. In acute disease and in recent cases 
Sabin and Feldman found titres up to 1/16,348, 
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Fig. 2. — Curves obtained by cytoplasm-modifying test 
(Mrs. D.) made on three different occasions." 
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Fig. 3. — Curves obtained by cytoplasm-modifying test 
(V.D.) made on three different occasions. 

whereas when the history suggested an infection 
six to seven years previously titres of 1 / 16 to 1/64 
were present. 

Both Mrs. D. and V.D. showed the presence 
of cytoplasm-modifying antibody, the former to 
a titre of 1/128, the latter to a titre between 
1/64 and 1/128. Figs. 2 and 3 show the 
curves obtained in each case when the test 
was repeated on three different occasions. They 
both show a prozone, the greatest number of 
unstained toxoplasmas not being seen until a dilu- 
tion of 1/16. All the eight positive sera we have 
been able to test have shown this zoning pheno- 
menon, and for this reason a full range of dilutions 
must always be set up, as a single tube test for 
presumptive diagnosis might fall in the prozone. 
It will be observed that although the total number 
of toxoplasmas remaining unstained varies from 
test to test the dilution at which 50% of them 
are unstained (the end-point of the titration) is 
remarkably constant. 

Thirty control sera have not shown the presence 
of cytoplasm-modifying antibody, with the one 
exception of the donor whose serum was used as 
a diluent in our early efforts to make the test work 
and showed an antibody titre of 1/16 when diluted 
out' with other normal serum. Whether this is 
a non-specific reaction or denotes a previous 
infection is not clear, as the donor shows no 
clinical evidence of past infection and his serum 
is persistently anticomplementary. 



THE LABORATORY DIAGNOSIS OF TOXOPLASMOSIS 


26 5 


Diagnostic Use of Toxoplasmin 

Warren and Russ (1948) and Frenkel (1948) have 
recently described the use of toxoplasmin, a skin- 
test antigen, as an aid to the diagnosis of toxo- 
plasmosis. Toxoplasmin can be prepared either 
from the chorio-allantoic membrane of the chick 
embryo or from ToxoplasmaAnlccicd 'mouse 
peritoneal fluid. In each case control antigens are 
prepared from normal uninfected tissues. After 
suitable preparation such antigens, which are in the 
nature of soluble antigens and are in fact the same 
as the complement-fixing antigens, have the pro- 
perty of producing a specific reaction when injected 
intracutaneouslv into sensitized people ; the reac- 
tion appears to be similar to the Mantoux reaction. 
Frenkel (1948) has shown that most patients with 
a positive neutralizing serum give a positive skin 
test with toxoplasmin, and that many cases in 
which the neutralization test has given a doubtful 
result also give a positive skin reaction. Toxo- 
plasmin also appears to act as a “ booster ’* to 
weak sera, as several were found to be positive 
at a later date. This did not occur with normal 
individuals inoculated with toxoplasmin. 

Toxoplasma skin-test and control antigens were 
prepared according to the methods described by 
Frenkel (1948) and Warren and Russ (1948). The 
mouse peritoneal fluid antigen diluted 1 : 10,000 
was used on V.D. and on three apparently normal 
children. An area of erythema 1 x 1 cm. developed 
on V.D.’s arm after 24 hours, but did not persist 
longer than 48 hours. The control children were 
completely negative. This was regarded as a 
doubtful result, and as such clearly needs further 
investigation. 

The difficulties inherent in all the laboratory 
tests for toxoplasmosis are notorious. Earlier 
attempts to establish the rabbit neutralization 
test in this laboratory ended in failure mainly 
owing to the difficulty in interpreting the results. 
Similarly, the initial trials of the cytoplasm- 


modifying test were most disappointing, and only 
the clear-cut findings with the complement-fixation 
test led us to persevere until the snags had been 
eliminated. 

From the nature of the case presented here 
attempts to isolate Toxoplasma were foredoomed 
to failure. But with the clear correlation between 
the neutralizing, complement-fixing, and cyto- 
plasm-modifying antibody tests we feel we are 
justified on laboratory findings alone in making 
the diagnosis of a previous Toxoplasma infection. 
In the presence of a clinical history suggestive 
of the disease these findings assume added 
significance. 


Summary' 

The laboratory' methods available for the diag- 
nosis of toxoplasmosis are the isolation of the 
Toxoplasma , the demonstration of neutralizing, 
complement-fixing, and cytoplasm-modifying anti- 
bodies, and the production of a skin reaction with 
toxoplasmin. 

These investigations are described and discussed, 
and ways of avoiding some of the technical diffi- 
culties are indicated. 
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This paper has its origin in work clone in a 
prisoner of war hospital camp in Siam. Under 
the prevailing condition of protein-starvation there 
the Van Slyke formulae for calculating urea clear- 
ance as a percentage of normal were found to be 
completely misleading. The only literature then 
available was a handbook of laboratory methods 
giving the bare routine of the test without indicat- 
ing the source of factors in the formulae. There- 
fore an attempt was made to devise our own 
standards, including adjustment for the rate of 
urine excretion. When eventually I was able to 
obtain copies of the principal papers by Van Slyke 
and his colleagues (Austin et al., 1921 ; McIntosh 
et al ., 1928 ; MoIIer et al ., 1928) it seemed of 
interest to compare our results with theirs. 

The initial objective was to see if the method 
of adjustment for the rate of urine excretion used 
in Siam, or a modification of it, might provide a 
single generally applicable formula by which pro- 
cedure could be both simplified and unified in 
place of the two in current use. This objective 
was achieved (see appendix), but in the course of 
the work I found myself forced to the conclusion 
that the Van Slyke urea clearance test is useless in 
its present form. 

I. The Van Slyke Urea Clearance Test 

The Van Slyke urea clearance test is the ratio of 
the amount of urea excreted per minute in urine to the 
concentration of urea in blood compared with the 
ratios observed in a sample of laboratory workers 
and since accepted in the textbooks as normal. 
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Depending on the rate of urine excretion it is com- 
puted by one or other of two formulae. 

C 8 =U\/V/B when V is less than about 2 (1). 

C m = UV/B when V is greater than about 2 (2). 
where V = volume of urine excreted in ml. per 
minute. 

U ^concentration of urea in urine in mg. N per 
ml. 

B = concentration of urea in blood in mg. N per 
ml. 

(Different units have been used at different times in 
the literature, but those quoted will be adhered to 
throughout this paper.) 

C 8 is called the 44 standard urea clearance at a urine 
excretion rate of 1 ml. per minute.” 

C m is the 44 maximum clearance rate M observed at 
high rates of urine excretion. 

The adjustment for the rate of urine excretion 
derives from the observation that the amount of urea 
excreted (UV) is approximately proportional to s/ V 
when V is less than about 2 ml. per minute, and is 
constant when V is greater than that. The accepted 
normals are C s =54 with a range from 34 to 75 i c m 
75 with a range from 52 to 98. Observations outside 
these limits are supposed to indicate renal abnormali- 
ties. 

II. Observations on Prisoners of War in Siam 

The chemical aspects of the work in Siam and 
the conditions under which it was done have been 
described by Wilshaw (1947). Data are available 
for 65 men. Of these, 15, termed “ normals,” were 
observed as a check on what at first seemed the 
abnormal results being obtained for diagnostic 
purposes. The other 50, “ patients, 11 were men 
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sent by medical officers for observation. Avail- 
able laboratory notes give clinical comments for 
only three cases. The case with the lowest blood 
urea level is recorded as one of renal colic for 
two years, and a case in the centre as renal colic 
for two years, the left kidney being palpable. 
The case with the highest blood urea level had 
blackwater fever ; this man was observed again, 
five weeks later giving the point at y=0.1. 
//= -0.71. The majority of patients were sent for a 
precautionary test of renal efficiency before opera- 
tion for removal of a kidney containing stones, 
but were not expected to be renally deficient. 

For each man we observed the volume of, and 
concentration of, urea nitrogen in the urine 
excreted during each of two successive hours, 10 
to 11 and 11 to 12 a.m. (by sun time 8 to 10 a.m.) 
after a breakfast of rice and weak tea at 8 a.m. 
(6 a.m. sun time). Only one sample of blood was 
taken, about the middle of the two-hour period. 

The precise amounts of protein in the diets 
are unknown to me, but were very low. Harvey 
(1946) quotes diets for a Singapore camp contain- 
ing 25 to 86 g. protein per day ; amounts in 
Siam were roughly similar, but in this particular 
camp probably did not sink to the lowest limit 
recorded at Singapore. There was undoubtedly 
a good deal of variation. The group of normals 
included some cooks who could never refrain from 
helping themselves to extra ; some patients re- 
ceived supplementary diets ; some men only 
bought eggs with their available funds, and others 
spent it all on tobacco ; workers had more to 
spend than patients. (At that time an egg cost 
25 setangs. Men working for the Japanese 
received 25 setangs a day, camp workers 10 setangs, 
but non-working patients officially got nothing.) 

Despite ersatz laboratory conditions the obser- 
vations are of the same order of accuracy as those 
of previously published work. (The variance of 
deviations of log U from its regression on V and 
B was, for the normal group, 0.00263 compared 
with a corresponding figure for the data of 
McIntosh et al. of 0.00243, or 0.00174 if days 
on which urea was administered are omitted. 
Logarithms show variability proportional to the 
magnitude of the variate. Since the observations 
recorded here are on lower concentrations, obser- 
vations in units of mg. per ml. would appear 
more accurate. 

Urine urea concentrations show the same corre- 
lation with the volume of urine as was observed 
by Van Slyke et al. This can be described by a 
quadratic regression between the logarithms. 
Using this the urine urea concentration at any 


given rate of excretion can be estimated without 
arbitrarily dividing the data into two parts as with 
Van Slyke's method of adjustment. (For normal 
conditions, not stimulated by drinking variable 
quantities of water, as in the cases of the prisoners 
or the children. Table I, a linear equation may 
be sufficiently accurate.) Using the regression 
evaluated for the patients the log urine-urea- 
concentration for each man has been calculated as 
y = y*r 0.4 9 (r — 0.1 74) -r 0.25 (v 2 -0.146) 
where y, v, and v 2 are the averages of the two 
observations per man of log U, log V, and (log 
V) 2 respectively ; 0.174 and 0.146 are the overall 
averages of v and v 2 for the 50 patients. The 
effect is to adjust for the rate of urine excretion 
to the point where greatest average accuracy is 
obtained, namely at v 0 =0.223 (V=1.67 ml. per 
minute). 

Since there was only one blood urea observa- 
tion per man the internal correlation of V and B 
cannot be evaluated. Fig. 1 shows the bivariate 
distribution of y ( = log U at V=1.67) and u 
( = log B). Obviously in these data there is no 
correlation of urine and blood urea levels between 
individuals. 

The frequency distribution of observations of 
C s is: 

leg Ce 0.9 1.0 1.1 1.2 1.3 1 A 1.5 1.6 1.7 

C» 7.9 10.0 12.6 15.8 20.0 25.1 31.6 39.8 50.1 
Frequency ) 

between 13.8 8 14 16 8 5 3 

above values | 

If there were among the patients a group of 
renal defectives, and if the clearance ratio could 
detect these, we could reasonably expect a minor 
mode, or at least a longer tail, in the lower part 
of the range. These observations indicate a sym- 
metrical distribution such as would be shown by 
a homogeneous group. On an arithmetic scale 
the tail would be at the upper instead of at the 
lower end. 

Our records from Slam show some 45 additional 
observations on blood urea levels only, often with 
repetitions. Some of these gave very high values 
(particularly one just before death), but as they 
do not show anything unusual they need not be 
reported in detail. It is to be noted only that 
those exceeding 0.24 mg. urea-N per ml. did 
correlate closely with clinical observations. 
Although the evidence is incomplete there seems 
little doubt that patients represented in Fig. 1. 
with the possible exception of the one at B =0.34. 
were renally efficient. In the subsequent discus- 
sion they will be regarded as a sample of renally 
normal men ; the argument will not be impaired 
if a few were in fact diseased. 
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III. Comparison of Average Urea Concentrations 

A comparison of urea concentrations and clear- 
ance rates observed in Siam with others recorded 
in the literature is given in Table I. Three main 
groups are represented. 

(1) Residents of the U.S.A. who had, presum- 
ably, a fairly high protein diet ; (2) Indians on a 
moderate to low protein diet ; (3) prisoners of 
war on a very low protein diet. 

The leading features as they affect the urea 
clearance test are immediately apparent. When 


enabled us to detect were that some prisoners had 
access to extra meat. 

IV. Discussion of flic Van Slyke Test 

Much confusion appears to have originated in 
a failure to express explicitly the foundations of 
the test. Adjustments for variable factors have 
been derived on the basis of short term experi- 
mentally imposed variations within the individual* 
and it has been assumed that such adjustments 
were valid for comparison of permanent differ- 


TABLE I 


Source of Data 

Number 

of 

Blood Urea— N 
mg. per ml. 

Average Urine Urea 
— N mg. per ml. 

Mean 

c. 


Persons 

Average 

Range 

at Y= 2 

at V = 1 

Range 

U.S.A. : Austin et ah (1921), Moller et ah (1928) : 
adults 1 

17 

0.15 

0.09-0.25 

5.0 

7.7 

57 

41-69 

U.S.A.: McIntosh et al. (1928) : children- ... 

8 

0.13 

0.09-0.18 

3.7 

6.5 

58 

37-71 

India, Bombay : Gokhale (1941) 3 

i 

73 

0.12 

0.09-0.15 

— 

3.9 G 

32 

17-44 

37 

0.12 

0.09-0.15 

— 

— 

— 

— 

,, Mysore: Srikanhia et ah (1944) 5 

57 

— 

— 

— 

— 

36 i 

25-52 

,, Tata Memorial Hospital : Pai (1945) ... 
Prisoners of war, Siam : normals 

29 

— 


— 

— 

35 

16-51 

15 

0.17 

0.12-0.26 

2.5 

3.7 

23 1 

15-34 

,, ,, ,, ,, patients 

50 

0.16 

0.07-0.28 7 

2.0 

2.95 

19 - 

i 

8-50 


1 Data for days when no urea was administered. Both limits of B 
shown by one person (FC); range of meanfe per person 0.10 to 0.19. 

2 Adjusted to height = 175 cm., using regression of log U on log 
height = 1.5. Range of B for means per person 0.1 1 to 0.17. 

3 Group for which standard clearances were computed. 


4 Group for which maximum clearances were computed. 
6 Taken from data quoted by Pai. 

0 Calculated from average C a x B. 

? Omitting two highest observations, 0.34 and 0.44. 


diet is altered and the body is given time to 
readjust its balance to the new conditions, blood 
urea concentration is maintained at the same level 
as usual, in Europeans about 0.15 to 0.16 mg. 
urea-N per ml. The blood urea concentration 
does not respond to a permanent alteration of 
protein intake in the same way as it does tempor- 
arily to a dose of urea or to an exceptional meat 
meal. Therefore blood urea concentration is not 
in general an index of the amount of urea avail- 
able for excretion, which, obviously, must balance 
with protein intake. This means that between 
individuals on permanently different diets urea 
concentration in blood tends to be approximately 
constant, whereas in the urine it is proportional 
to the protein consumed. Therefore in healthy 
persons the ratio depends on the diet, and a test 
case can give no useful information on other 
things unless it be related to a normal derived 
specifically from the average diet of the subject. 
In Siam the only abnormalities which the test 


ences between individuals. In particular it has 
been assumed that the ratio of urine urea to blood 
urea makes allowance for variation in the amount 
of urea available for excretion, in other words, 
for variation in diet. 

That assumption is essential for the validity of 
the test as it is usually applied, and yet I am 
uncertain whether or not it has been made 
consciously. More recent work seems to imply 
that the ratio is a characteristic worthy ol study 
in its own right. This point of view will be 
discussed in section V. That it was eventually 
assumed to allow for differences in diet is made 
clear by the following quotation (M oiler et ah, 
1928): 

“ In subjects with such renal loss the blood urea 
may, in fact, even be less than the normal average. 
Thus in experiments 10a and 20c blood urea nitrogen 
of only 10 to 12 mg. per 100 c. cm. is seen, despite the 
fact that both subjects showed only about 40% 0 
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normal excreting power. Such results indicate the 
uncertainty attending interpretation of normal blood 
urea values in nephritic patients if the urea excretion 
rate is not also taken into consideration. It has in 
fact been common on our wards to find consistently 
normal blood ureas in nephritic patients who have lost 
40-60% of their renal function. Such patients are 
likely, either by choice or direction, to take diets low 
in protein ; and if they consume half as much as a 
given normal subject, other factors being equal, they 
will show about normal blood urea content." 

This implies that these men have normal blood 
urea only because they are eating little protein, 
and that a normal man on their diet would have 
lower blood urea, so that the urine /blood urea 
ratio would be less affected than the urine urea 
concentration itself. Our observations show that 
a normal man eating little protein would show 
precisely the same urea clearance as these patients. 
The test cannot differentiate between the two. 

A review in Nature (Srikanhia and Shamanna, 
1945) of the Indian observations commented: 

‘'The figures of Gokhale and of Srikanhia and 
Shamanna suggest that the Indian kidney has only 
about two-thirds the efficiency of its American 
counterpart/’ 

The remark is typical of numerous others occur- 
ring throughout the literature. The urea clearance 
rate having become established as a measure of 
renal efficiency it has become customary to write, 
without thought that the measure may be faulty, 
44 renal efficiency is low,” when what is meant is 
that “ the ratio of urine urea to blood urea con- 
centration is low compared with the ratio observed 
in a small group of Americans.” Our data show 
that observations of an extremely low urea clear- 
ance rate (Cs = 10, or 18% of the accepted normal) 
may have nothing whatever to do with renal 
inefficiency. The kidneys of all groups recorded 
in Table I were correctly performing their func- 
tion of keeping excretion in balance with intake 
and so were fully efficient. Differences in their 
clearance rates measure only the protein diets of 
the subjects. 

V. Methods of Deriving Efficient Diagnostic 
Criteria 

The object of a clinical test is to discriminate 
between conditions of health and disease. There 
must be some criteria to which the results of a 
test can be referred in order to make a decision. 
In general there will be no hard and fast line 
between health and disease. In order to have a 
logical basis for deciding the levels at which 


criteria should be set and for knowing just what 
subsequent tests may mean, it is necessary to con- 
sider the probability of a wrong diagnosis. The 
criteria should depend on some decision as to the 
relative seriousness of considering a person 
diseased when he is in fact healthy, or vice versa. 
The probability of the former can be assessed 
when the frequency distribution of the observa- 
tion is known for a normal population similar in 
all respects to a population to be tested, except 
for occurrence of abnormalities of the kind being 
sought (Neyman’s error of the first kind). The 
probability of the reverse will depend on how far 
the diseased condition is removed from normality, 
and consequently can only be assessed for specified 
degrees of abnormality (Neyman’s error of the 
second kind). 

If only one characteristic is observed the 
problem is merely to fix the point on a single 
scale where the probabilities of either error are 
reasonably balanced. But when two or more 
characters are observed we have a choice of 
numerous types of region which may be demar- 
cated with equal probability of an error of the 
first kind. We have to consider which of these 
regions will maximize the power of the test to 
discern the abnormality in question. 

To illustrate: let us assume that the 65 obser- 
vations depicted in Fig. 1 form a representative 
sample of urea concentrations in urine and in 
blood for renally normal persons in the camp 
where they were observed. Suppose we decide 
to accept a 5% risk of an error of the first kind, 
that is of declaring a person abnormal when he 
is not. The problem is to demarcate a region of 
Fig. 1 containing 5% of the normal population 
in which an abnormal observation is likely to lie. 
To do this we also require evidence of the region 
(or regions) in which abnormal observations may 
occur. It has been noted that all the patients 
definitely diagnosed as renally defective had blood 
urea (N) greater than 0.24 mg. per ml. There- 
fore the only line we can reasonably draw on 
present evidence is the vertical line B. (The 
criterion for its position is that it is 1.6 times 
the standard deviation of u from the general mean, 
that is at a point estimated to mark off the upper 
5% of the population on the hypothesis that it is 
normally distributed.) On that criterion the test 
is based on blood urea concentration alone with- 
out consideration of U (or y). In the absence of 
more comprehensive evidence it is at least a 
reasonable criterion, since a high blood urea level 
is undoubtedly direct indication of disease. A 
criterion based on the urine urea concentration 
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Fig. 1. — Bivariate distribution ofy and // for 65 prisoners of war. The full lines 
are drawn at distance J .645 times the standard deviation from the general 
mean, y = 0.375, u ~ —0.794. Standard deviation of v = 0.140, of// 
= 0.154, and across diagonals about 0.14. The dotted line corresponds to G 
— 34, which is the lower limit for normal standard clearances as formerly given. 


alone would reject observa- 
tions below the line A. The 
evidence of Table I indi- 
cates that this is primarily 
a criterion of diet, an indi- 
cation which is consistent 
with the relative position of 
the normals (Fig. 1) who, 
being wage earners, would 
be in a better position than 
many of the patients to 
obtain supplementary food. 

Any line not parallel to A 
or B entails combination of 
both variates. 

The procedure of the Van 
Slyke urea clearance test is to 
demarcate regions by lines at 
45° to either axis.* For a 
5% risk of error of the first 
kind this would be line S 
(which, it may be noted 
incidentally, would reject the 
blackwater fever case after 
he had returned to health). 

The reasons for selecting 
this region can well be 
described as little more than 
a “ hunch ” that it might be 
informative. It is at first 
sight reasonable to suppose 
that when renal function begins to fail some 
increase in the blood urea level may be accom- 
panied by a decrease of urea excretion relative 
to protein intake and blood urea concentration, 
and that the failure may be more quickly 
detected by considering both simultaneously than 
either one alone. There is, however, no a priori 
reason to suppose that the two effects occur in 
inverse proportion. 

A method to determine the combination of two 
or more characters which may best discriminate 
between two groups has been described by R. A. 
Fisher (1936 ; 1946). Clearly in this case, since U 
has been shown to be closely linked to protein 
nutrition, quantities of protein consumed would 
need to be introduced as a fifth variate in addition 
to U, V, B, and body size. The efficient discrimi- 
nant function depends on the relative errors of 

*As has been noted, the observations v in Fig. 1 are 
log U adjusted to Vo =0.223. The estimates of Jog U, at 
V = 1 are given by 

y, = }‘-f0.49? , o+0.25vo 5 = )-+0.l217 
consequently contours of C 8 =U,/B in Fig. 1 are given 
by equations 

y- log C.-O-1217 + u 


observations on each variate as well as on their 
physiological relationships.! 

The following considerations make it seem 
unlikely that a function of these five variates will 
be appreciably more effective to detect renal 
deficiency than will observation of blood urea levels 
alone. Either urea excreted must balance protein 
consumed, or blood urea must be increasing. If 
the kidneys are not functioning efficiently, presum- 
ably the excretion required to balance intake may 
be achieved by a higher concentration in the blood. 
If the patient in that way maintains a stationary 
position his urine must be normal for his diet (if it 
can be assumed that excretion in sweat is not 
materially increased), and therefore the condition 
is shown by a high blood urea level only. If the 
urea excreted is less than the intake, either the 
balance not excreted must be very small or blood 
urea must be increasing rapidly. It seems unlikely 

t Since the first draft of this paper was written (December. 
1947) I have learnt that suggestions to apply these ideas to c.tnical 
medicine have also been made by others. A paper for presenta- 
tion to a conference of the Royal Statistical Society in October. 
1948. by R. B. Fisher, was entitled “An Application of D.s* 
criminants to Clinical Chemistry.** So far as I know this is not 
yet published, nor do I know anything of its content. Analogous 
work in the U.S.A. has also been reported. 
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that determinations of urea in urine may be 
sufficiently accurate to detect the first of these 
conditions. In the second no refinement on obser- 
vation of blood urea alone is likely to be required. 
Nevertheless the possibilities merit further investi- 
gation. 

Addis proposed observation of the clearance ratio 
when supplementary urea was administered, and this 
is the test chiefly considered by Cope (1934). We had 
no means in Siam of artificially increasing blood urea 
concentrations and are notin this paper concerned with 
circumstances thus created except as they affect 
interpretation of the data of Moller ct al. Presum- 
ably diet would not affect the response of normal 
subjects to extra urea ; and, if it can be shown that 
renally defective individuals react differently, this test 
might be of some use when referred to observations 
on the same individual “at rest” rather than to fixed 
standards. 

Some observations by Van Siyke (1947) suggest that 
observation of the slope and curvature of the regres* 
sion of log U on log V at low urination rates might be 
informative. This will, however, be very susceptible to 
differing abilities to evacuate more or less completely, 
and artificial methods might have to be used. 

A more important defect in the procedure used 
to set criteria for the urea clearance test is illus- 
trated by Fig. 1. The limits accepted as normal 
were simply the highest and lowest ratios observed 
in a casual sample of 18 subjects who seem to 
have been mostly workers in the laboratory. Our 
sample of 15 normals (about the same size of 
sample) was drawn in a similar way, being workers 
nearly all from one hut. Following the same pro- 
cedure our lower criterion would have been given 
by a line through the point D and parallel to S. 
This would have resulted in classing 27% of our 
patients as renally deficient, which would have 
been manifestly erroneous. The reasonable ex- 
planation is that workers probably had better food 
than many patients. Analogous differences occur 
between the original laboratory sample of Van 
Siyke et al. and patients subsequently tested who, 
being suspected of renal defect, would often have 
been given protein-low diet. The lower criterion 
derived in that way, and since 1928 accepted as 
the dividing line for test purposes, is shown by 
the dotted line in Fig. 1. It would condemn 95% 
of those we observed, including all the normals, 
as renally defective. 

The moral is that observations from which a 
clinical criterion is to be derived must be properly 
representative of the population to which the test 
is to be applied. Furthermore, in order accurately 
to assess the probability of error the sample must 
be large, say, 500 to 1,000 persons. Confidence 
limits derived from the / test of small sample 


theory are not satisfactory' for setting control 
limits (Deming and Birge, 1938). The labour 
required will be small compared to the w'aste in 
applying tests whose reliability is unknown and 
undefined. It should be noted too that the essential 
requirement is observations on a large number of 
persons, not many observations on a few. Single 
observations per person would serve, but dupli- 
cates would be preferable to control gross acci- 
dental errors, and to obtain estimates of sampling 
variance within and between persons, say V e and 
K f . Tlie error variance of a mean of n observa- 
tions on one individual is then given by V n — 
V c /n ; and the efficient number of observations 
to make in any given circumstances will depend 
on balancing the cost of n observations against 
value of consequent accuracy.* 

VI. Summary 

Observations on prisoners of war in Siam show 
that when diet contains little protein the blood 
urea concentration is still maintained at normal 
levels while urea excreted in urine is greatly 
reduced, as of course it must be to balance with 
the amount of protein consumed. Underlying 
the Van Siyke urea clearance test is the assumption 
that, by observing the ratio of urea in urine to its 
concentration in blood, allowance is made for the 
effect of diet on urine urea. That assumption is 
shown to be false. Consequently the urea clear- 
ance test as generally used without reference to 
diet is not a trustworthy measure of “ renal 
efficiency ” and may be completely misleading. 
Men with efficient kidneys were observed to have 
a “ standard urea clearance ” as low as 10, or 18% 
of the accepted normal. 

The reasoning which led to setting misleading 
criteria for this test is discussed. It seems that 
observations on urine urea are unlikely to be 
of much use in testing for renal efficiency, 
but the possibilities should be further investigated. 
Methods for doing so and for deriving efficient 
criteria for clinical tests in general are indicated. 

The observations on prisoners of war were made 
in the pathology laboratory' of the camp at Nakom 
Patom, Siam, from January' to July, 1945, by Major 
A. T. H. Marsden, R.A.M.C.. pathologist. Malayan 


* Mr. B. G. Greenberg, research graduate in med C3l statistics. 
Institute of Statistics of the University of North Carolina. who 
kindly read the first draft of this paper, points out that sequential 
testing might profitably be used in clinical tests. This means that 
the probability of error is assessed after each observation. If the 
first observation indicates reasonable certainty it is accepted as 
final, but if it leaves more than the permissible margin of doubt 
then further observations 3re made until an answer is obtained 
at the required confidence level. (The theory is expound'd in 
several papers by Barnard and others and in Sequential Analysis 
of Statistical Data.) 
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Medical Service, who was director of the laboratory, 
and by Major R. G. H. Wilshaw, chemist, Department 
of Agriculture, Malaya, The writer was at the time 
working in the laboratory as a biologist, but has been 
concerned with these data only as a statistician, I am 
indebted to the observers for putting their ingeniously 
obtained data at my disposal without restriction. 

I should like further to record my appreciation of 
the courtesy shown by Professor G. R. Cameron, Dr. 
H. D. Barnes, and Dr. D. D. Van Slyke in discussing 
this work with an interloper led by circumstances of 
fate into a field not his own. Dr. Barnes brought to 
my attention the Indian work, which has therefore 
been added since the original draft of this paper, and 
provides welcome corroboration of work done under 
difficulties which might otherwise have been suspected 
of throwing doubt on their freedom from systematic 
error. 

Dr. Van Slyke has brought to my attention several 
other papers on the effect of dietary protein and urine 
volume on urea clearance (Cope, 1933 ; Van Slyke et 
ciL, 1934; Farr, 1936 ; Longley and Miller, 1942; 
Van Slyke, 1947). It may, however, be helpful to note 
that most of them appear to deal with comparatively 
short periods on altered diets and to consider only the 
ratio urine /blood ureas without attempting to follow 
alterations in urine urea and in blood urea separately. 
It seems that an abrupt change of diet rapidly alters 
blood urea concentration which returns to normal 
only gradually, hence the correlation between blood 
urea and urine urea noted by Van Slyke, but not 
shown among the prisoners. The full effect of 
altered diets on the ratio is therefore not apparent in 
short-term experiments. There is also a hint, in the 
observations of Van Slyke and in those on the 
prisoners of war, that stimulus from temporarily in- 
creased blood urea (either by administration of urea 
or by blackwater fever) may result in subsequent 
depression of blood urea. If so, it adds another reason 
for regarding the orginal data of Van Slyke as un- 
suitable for determination of criteria to be used in a 
test without that stimulus. These points require 
further investigation. 
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APPENDIX 


Relation Between Urea Concentration in Urine, 
Rate of Urine Excretion, Urea Concentration in 
Blood, and Body Size 

From statistical analysis of the data of Van Slyke 
et a!., and from observations of the prisoners of war, 
the following conclusions were reached. 

The relation of urea concentration in urine {U) to 
the rate of urine excretion (V) may be described by 
an equation of the form 

log U — A~ log (d-HO 
or, more empirically, by 

log C/ = <i-0.48 log K— 0.3 (log Vf 
Curvature shown by different individuals varies con- 
siderably. The constants given are average values 
which may serve sufficiently well, when the number 
of observations on a person are too few to determine 
his own characteristic curve, to estimate urine urea 
concentrations for comparison with others. Adding 
regression on body height, a convenient equation to 
estimate urine urea concentration (U) at any fixed 
urination rate (K 0 ) and height ( H 0 ) is 

log U — log U 4-0.48 (log K — log I / o )T0.3 (log = K- 
log 2 K 0 )-l,5 (log H- log H 0 ) 

where U, V, and H are observed values. 


The two curves used by Van Slyke et ol. to estimate 
urine urea concentrations at fixed urination rates are 
a reasonable approximation to the actual curve, but 
the consequent partitioning of data into two parts 
when such estimates are required is a nuisance and 
inefficient. Their “augmentation rate” is artificial. 
It does roughly indicate a point where the curve 
approaches close to its asymptote and beyond which 
it may be considered to be straight, but it is not a 
satisfactory statistic for comparison of different curves. 

The hypothesis of Moller, McIntosh, and Van Slyke 
(1928a) that, at a given rate of urination, urine urea 
concentration is proportional to body size appears to 
be justified. Their further opinion that no accuracy 
is gained by trying to estimate surface area from 
weight as well as height is also confirmed. Their 
procedure for doing this is, however, circuitous and 
confusing. It would simplify computations and show 
better exactly what is being done if adjustment were 
based explicitly on height instead of on a supposititious 
body area. 


When the blood urea level is temporarily increased 
by administration of urea or by a heavy meat meal, 
urine urea is increased nearly but not quite in propor- 
tion ; actually in proportion to about the 0.85th power 
of blood concentration. But for variations occurring 
with normal diet the relationship appears to be less 
close. Between different persons on variable diets 
there is no appreciable correlation. 


/. din. Path . (1949), 2, 273. 


THE SIGNIFICANCE OF THE UREA CLEARANCE 

BV 

DONALD D. VAN SLYKE AND VINCENT P. DOLE 
From the Hospital of the Rockefeller Institute for Medical Research , New York 

(RECEIVED FOR PUBLICATION, JULY 18, 1949) 


By the courtesy of Mr. H. Fairfield Smith we 
have had the privilege of examining in advance of 
publication his paper 41 Urea Clearance Tests.” 
This paper appears to touch on three separate 
questions: (1) What does the clearance purport to 
measure? (2) What factors affect the clearance? 
(3) What is the diagnostic and prognostic signi- 
ficance of the clearance in renal disease? Inas- 
much as the available data appear to have been 
only partially available to Mr. Smith, the writers 
venture to add the following comments on these 
questions. 

What Does Urea Clearance Measure ? 

The urea clearance measures the efficiency with 
which the kidneys remove urea from the blood 
stream, when due correction is made for the 
effects of low rates of urine flow. Studies on man 
and animals have shown that the urea clearance 
measures the rate of filtration of urea in the 
glomeruli minus the rate of urea reabsorption by 
the tubules (Van Slyke et a!., 1934, 1935 ; Smith, 
1937 ; Chasis and Smith, 1938 ; Shannon, 1936). 

Factors Affecting Clearance 

Like all physiological functions, the urea 
clearance varies under different physiological con- 
ditions, particularly those which affect the renal 
blood flow (Van Slyke et aL , 1934, 1935) and the 
urine volume (Van Slyke, 1947 ; Moller et aL, 
1928 ; Dole, 1943). Consequently the clearance of 
a given subject may vary by as much as ±20% 
of his average under the usual conditions of daily 
life (Moller et aL, 1928). The variation of the 
clearance with urine flow has been studied (Van 
Slyke, 1947 : Moller et aL, 1928 ; Dole, 1943) and 
shown to be due to variations in tubular reabsorp- 
tion of urea that are predictable by the simple 
diffusion laws (Dole, 1943). High protein diets 
have been shown to increase renal blood flow and 
urea clearance in dogs (Jolliffe et ad 1931), and 
partial protein starvation has been shown (Cope. 
1933) to decrease the clearance in men, a finding 
which is confirmed by Mr. Smith's observations. 

U 


Variability is shown by other physiological 
functions, measurement of which is nevertheless 
of value in assessing clinical conditions: e.g., the 
metabolic rate, body temperature, and pulse rate 
vary with physical activity, excitement, etc. Such 
variability does not invalidate the measurement of 
these functions, or of the urea clearance, in assist- 
ing to estimate the condition of a patient. 

Renal disease affects as a rule chiefly the rate 
of filtration, which decreases as glomerular 
destruction advances, although in advanced neph- 
ritis increased permeability of the tubules appears 
to add its effect by increasing urea reabsorption, 
particularly when urine volume is low (Van Slyke, 
1947). Damage to the tubules by nephrotoxic 
substances (Richards, 1929 ; Lucke, 1946), or bv 
renal ischaemia, such as occurs in severe and pro- 
longed shock (Phillips et aL, 1946 ; Van Slyke, 
1948 ; Phillips et aL, 1948) appears to make the 
tubules more permeable to back diffusion of urea 
into the blood, and lowers the clearance by 
increasing urea reabsorption. In all these condi- 
tions the urea clearance has been found of value 
in assisting the appraisal of the extent of renal 
damage, and the course of progress either towards 
recovery or fatal renal failure. 

The Diagnostic Significance of Urea Clearance 
in Renal Disease 

Neither the urea clearance, nor any other 
physiological measurement, should be asked to 
serve as the sole criterion to discriminate between 
health and disease. The clinician using such a 
test must evaluate the results in terms of all known 
causes of variation, physiological and pathological. 
As the increase of metabolic rate with muscular 
or digestive activity or excitement does not invali- 
date its use in the thyroid clinic, so the decrease of 
the urea clearance with protein starvation or shock 
(Phillips et aL , 1946 ; Van Slyke, 1948) does not 
invalidate its utility in following the course of 
renal damage or disease, when proper allowance 
is made for the effect of extra-renal influences. 
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Studies of a considerable number of cases of 
renal disease of different types, some of which 
were observed over periods of years, have led (Van 
Slyke et aL, 1930) to the following conclusions : 

“ In acute hemorrhagic nephritis fall of the urea 
clearance to as low as 10% of normal was found not 
inconsistent with apparently complete recovery. . , . 
In all these cases which recovered or improved, how- 
ever, the blood urea clearance began to rise within 
four months after the acute onset. ... Of the different 
features of (advanced renal) disease that were followed, 
the blood urea clearance proved to be the most closely 
related to the onset of final renal failure. The renal 
function, measured by the clearance, could apparently 
remain indefinitely at 10% of normal without uremia ; 
but when it fell to 5% uremia occurred, and was 
usually fatal. Exceptions to the immediately fatal 
outcome were found in acute cases, which can recover 
if the functional depression does not last too long, and 
occasionally a terminal case, in which functional fall 
was partly due to factors, such as desiccation, other 
than destruction of renal tissue. In such a case treat- 
ment, particularly saline and glucose injections, may 
both improve the general condition and somewhat 
increase the urea clearance, although the added lease 
of life appears to be at most a few months.” 


These observations have been confirmed and 
extended in subsequent studies continued to the 
present time in this clinic, and will be presented in 
a future publication. 
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THE INTERRELATIONS OF THE SERUM PROTEINS IN 
LIVER DAMAGE, WITH SPECIAL REFERENCE 
TO THE THYMOL TEST 

BY 

N. H. MARTIN 
From St. George's Hospital , London 

(RECEIVED FOR PUBLICATION, SEPTEMBER 8 , 1949) 


Maclagan (1944a) demonstrated that phenol and 
certain derivatives when dissolved in barbiturate 
buffer at pH 7.8 produced a turbidity with human 
sera. He observed that under specified conditions 
sera from normal persons gave a negligible tur- 
bidity, and the most marked turbidities occurred 
with sera from patients suffering from parenchy- 
matous liver damage. The concentrations of 
phenol or phenol derivative required to produce 
a given turbidity with any serum diminished as 
molecular weight increased, but at the same time 
solubility in an aqueous buffer diminished to such 
an extent as to limit the range of homologous 
phenol derivatives that could be used conveniently 
without the addition of extraneous substances to 
enhance solubility. As a result of his investiga- 
tions Maclagan chose thymol as the most suitable 
derivative, and defined the conditions for carrying 
out the test and the degree of turbidity which 
might be regarded as outside normal limits. 
Maclagan (1944c) never claimed that bis test was 
specific. It is none the less striking that sera in 
which the highest thymol readings are recorded 
are predominantly those from patients suffering 
from liver damage. 

In 1947 Maclagan and Bunn employed electro- 
phoresis to investigate the contributions of the 
individual components of the serum protein mosaic 
to the thymol turbidity test. They observed that 
turbidity occurred when y-globulin from hepatitis 
serum was added to the thymol reagent and that 
human albumin from normal persons prevented 
this reaction. Albumin separated by electro- 
phoresis from the serum of patients suffering from 
infective hepatitis did not prevent the reaction. 
They observed, further, that y-globulin separated 
from the serum of normal persons would produce 
turbidity with the thymol reagent, but that the 


minimal concentration required was greater than 
y-globulin from the serum of patients suffering 
from hepatitis. Neither normal a- and ^-globulin, 
nor a- and /3-globulin separated from the serum 
of patients suffering from hepatitis, gave turbidi- 
ties with the thymol reagent, either before or after 
sensitization of the reagent with cephalin ; a- and 
/?-globuIin tended to sensitize the reaction of the 
thymol reagent with y-globulin. 

Kunkel and Hoagland (1947), studying the 
reaction of normal and pathological sera, demon- 
strated that when a serum giving a markedly posi- 
tive reaction is extracted with ether the thymol 
reaction is markedly reduced, the example quoted 
in their paper showing a reduction from 22 to 9 
units. They examined sera by electrophoresis 
before and after flocculation with the thymol 
reagent, and showed that such changes as there were 
affected the ^-fraction principally. Finally, in six 
sera they examined, in which the thymol reaction 
was above 25 units, the lipid content was 100% 
higher than in six sera w r ith a thymol reaction 
below 15 units. Their findings stress the signifi- 
cance of the lipid content of the serum and imply 
that the /?-gIobuiin is the active participant in the 
test. 

Cohen and Thompson (1947) produced further 
data which they interpreted as indicating that ft- 
globulin was the active agent in the thymol test. 

The experiments of Wunderly and Wuhrmann 
(1947) in which y-globulin was added to normal 
serum, thereby producing turbidity with the 
thymol reagent, seem to support Maclagan’s con- 
clusion that y-globulin of itself can be responsible 
for the production of turbidity with the thymol 
reagent. Maclagan (1944b) pointed out that lipids 
might increase the sensitivity of the reaction and, 
indeed, he demonstrated that the precipitate from 
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the reaction contains cholesterol, phospholipid, 
and protein. 

The fullest understanding of the alterations in 
the circulating proteins which result in positive 
thymol turbidity tests may throw light on the bio- 
chemical lesions underlying some fofms of failure 
of liver function. 


Material 

In the past years I have been accumulating 
observations on the circulating proteins in the 
sera of patients suffering from liver failure. 
From this material the selected data seemed par- 
ticularly suitable for the study of the relationship 
of the thymol turbidity reaction to the nature of 
the proteins circulating in conditions primarily 
involving the liver. 

The material may be divided into two groups : 
one, from patients suffering from, and recovering 
from, acute attacks of infective hepatitis ; the other, 
from patients suffering from chronic progressive 
liver failure. 

The /?- and y-globulins which formed the bases 
of special study were separated by electrophoresis 
from the sera of two patients suffering from acute 
hepatitis in whom the thymol turbidity values 
ranged at 32 and 36 units respectively. 

Methods 

The thymol turbidity tests were carried out 
according to the technique laid down by Maclagan 
(1944b). 

The electrophoretic analyses were carried out in 
the apparatus designed by Tiselius (1937), us'ng the 
11 -cm. analytical cell, and in a barbiturate buffer 
of 0.1 ionic strength and pH 8.6 and in a phos- 
phate buffer at 0.2 ionic strength and pH 8.0. All 
protein concentrations were adjusted to 2.0% and 
dialysed against successive changes of buffer 
before analysis. 

Ultracentrifugal analyses Were carried out in the 
oil-driven centrifuge designed by Svedberg. 

Nitrogen was estimated by the standard micro- 
Kjeldahl technique and cholesterol by a modifica- 
tion of the method of Schoenheimer and Sperry 
(1934). 

Results 

Acute Infective Hepatitis. — The proportion of 
y-globulin in the group of patients with acute 
infective hepatitis is shown plotted against thymol 
units in Fig. 1. 

The ratio of albumin to y-globulin and of 
albumin to /? + y-globulin from the same group is 
shown plotted in Fig. 2. There appears to be poor 
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Fig. 1 . — Chart showing y-globulin (as percentage of total 
protein) plotted against thymol turbidity in acute 
infective hepatitis. 


correlation between the y-globulin concentration 
or the /?+ y-globulin concentration and thymol 
units, but there is a definite correlation between 
the ratio of albumin to globulin and thymol units. 

From two sera the /? + y-globulin fractions were 
separated and pooled. They were then divided 



C = }‘-globu!in 
• =/H- y-globulin 

Fig. 2. — Albumin/y-globulin and albumin/p 4- y-globu- 
lin ratios plotted against thymol turbidity in acute 
infective hepatitis. 


into aliquot portions and diluted with an equal 
volume of saline in which had been dissolved vary- 
ing concentrations of crystalline human albumin. 

The results of the thymol turbidity test on the 
solutions so obtained are shown in Fig. 3. The 
thymol turbidity in units is plotted against the 
ratio of albumin nitrogen to /? + y-globulin 
nitrogen. It will be seen that the ability of the 
globulin to form a turbid solution with the thymol 
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• • = titration o crystalline albumin 

j = titration of infective hepatitis albumin 

Fig. 3. — Effect of albumin in inhibiting positive thymol 
effect of p + y-globulin in infective hepatitis with 
(a) normal crystalline albumin and ( b ) albumin from 
infective hepatitis. 

reagent could be inhibited by pure albumin and 
that the extent of inhibition increased in propor- 
tion to the ratio of albumin to globulin. As has 
been previously recorded this reaction is not 
species specific (Martin, 1948), parallel effects 
being obtained with bovine and horse albumin. 
Three points are also shown of experiments in 
which albumin, separated from a case of infective 
hepatitis, was substituted for normal albumin. 


Chronic Liver Damage. — y- and /? — y-globulin 
are plotted against thymol units in a group of 
patients suffering from chronic liver damage in 
Fig. 4, and the ratio of albumin to y-globulin and 
to /?-*- y-globulin is showm in Fig. 5. 


15 


THYMOL UNITS 
10 


2-A 
5 


1-3 




VA 

• A/G 

RATIO 

r*o 

08 

0*6 

0*4 


Fig. 5. — Albumin/y-globulin and albumin/3 -f* y-globu- 
lin ratios plotted against thymol turbidity in chronic 
liver disease. 
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G = y-ftobulin 

J im/jm T.P. 

4. y-globulin and p 4* y-globulin (expressed as 
of total protein) plotted against thymol 
turbidity in chronic liver disease. 


In contradistinction to the findings, shown in 
Figs. 1 and 2, neither approach seems to show any 
significant correlation between protein values and 
thymol units. 

In the course of analysis of the cases of chronic 
liver damage, two were observed in which spon- 
taneous precipitation of the y-globulin took place 
during electrophoretic analysis. 

The precipitation took place in the descending 
limb only after three hours when there was effec- 
tive separation of the individual components of 
the protein mosaic and it is clearly confined to the 
y-globulin. Spontaneous precipitation of this type 
has never been observed in the serum of patients 
with acute hepatitis. 

Results in Non-hepatic Cases. — “ False ” posi- 
tive reactions had been observed occasionally w r ith 
the thymol reagent during the investigation of 
cases of hyperglobulinaemia, in which clinical and 
histological evidence did not suggest any liver 
damage and other biochemical tests did not sup- 
port a diagnosis of hepatic insufficiency. These 
“false'’ positives w r ere rarely above 10 Maclagan 
units. Ultracentrifugal analyses from some of 
these cases have been carried out and demonstrate 
that in certain instances there are molecules 
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present having abnormal sedimentation constants. 
Fig. 6 shows an analysis of such sera from a case 
of reticulosis (A), from a case of advanced liver 
damage (B), and, for comparison, an analysis of 
serum from a normal person is shown (N). 

The presence of molecules with unusually high 


They can occur independently of any gross 
increase or deviation of lipoid in the serum. 

The part which lipids play has been stressed by 
Kunkel and Hoagland (1947). Table 1 is an 
analysis of five sera in all of which there was 
raised cholesterol, inversion of the albumin 










N 
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Fig. 6. — Ultracentrifugal diagrams showing fractions with high sedimentation constants 
in serum from a case of reticulosis (A) and advanced liver disease (B). Normal 
serum (N) is shown for comparison. 


sedimentation constants can be seen in both serum 
A and serum B. They are not visible to any 
appreciable extent in normal sera. 

These 14 macromolecules ” were associated with 
the y-globulin fraction in the sera studied. It must 
be stressed that they are not a constant component 
of the y-fraction in liver disease, nor do they pre- 
dominate in the y-fraction when they do occur. 


globulin ratio, and a normal reaction to the 
thymol reagent. Maclagan (1944b) had already 
shown that the presence of cholesterol increased 
the sensitivity of the test. It is clear from this 
table that considerable increases of circulating 
cholesterol may occur in the presence of inversion 
of the albumin globulin ratio without producing 
abnormal turbidities. 
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TABLE I 


Case 

Total Protein 
(g./lOO ml. 
Scrum) 

A/G 

Cholesterol 
(mg./lOO ml. 
Scrum) 

Thymol 

Turbidity 

Units 

1 

3.5 

0.3 

405 

3.0 

2 

4.2 

0.33 ! 

450 

2.0 

3 

4.4 

0.25 1 

437 

2.0 

4 

5.2 

0.34 | 

470 

3.0 

5 

6.2 

0.5 i 

375 

1 2 *° 

Normal 

7.0 

1.25 , 

! 

200 i 

i up to 4.0 


Discussion 

The observations presented suggest that, in 
normal sera, the inability of the thymol reagent to 
produce more than trace turbidities is due to the 
interaction of normal albumin with y-globulin, for, 
as Maclagan (1947) has demonstrated, neither a- nor 
ft- globulins are capable themselves of flocculating 
with the thymol reagent. The marked turbidi- 
ties produced in acute infective hepatitis seem 
to be correlated with the relation of circu- 
lating albumin to globulin rather than to the 
relative increase in the amount of circulating 
y-globulin. Replacement experiments, demonstrat- 
ing that the addition of normal human albumin to 
globulins separated from positive sera inhibits 
turbidity, lend added support to this contention. 
Similar experiments carried out with albumin 
separated by electrophoresis from sera of patients 
suffering from acute hepatitis suggest that in these, 
at any rate, there are, in addition, qualitative 
alterations in the circulating albumin which 
reduce its ability to inhibit the thymol reaction. 

It is in acute hepatitis that the highest thymol 
turbidity readings are commonly encountered, 
though the disturbance of the albumin globulin 
ratio is rarely so marked as in chronic liver 
damage. The evidence suggests that in acute 
hepatitis qualitative defects in the circulating 
albumin are important. 

The level of thymol turbidities in chronic liver 
damage bears little relation to the progress of the 
disease ; nor, in spite of the fact that gross inver- 
sions of the albumin globulin ratios are common, 
is there any correlation with the thymol turbidity 
readings. 


The observation of spontaneous precipitation of 
the y-globulin during the examination of the serum 
of two cases of advanced chronic liver damage 
suggested the presence of y-globulins inherently un- 
stable in themselves. The demonstration of mole- 
cules of abnormal sedimentation rate in the circu- 
lating sera of other cases of chronic hepatitis lends 
added support to the contention that in certain of 
these patients aberrant globulins contribute to the 
production of turbidity with the thymol reagent. 

These macromolecules are demonstrable occa- 
sionally in sera from patients with diseases in which 
there is no evidence of primary liver damage, the 
sera frequently giving turbidities above the normal 
range. The presence of these molecules may 
be regarded as contributing to a “ non-specific 
reaction.” It must be stressed that these macro- 
molecules are rarely present in high concentration 
and that their presence is by no means constant 
nor confined to sera from patients with liver 
damage. 

Summary 

Fresh evidence is put forward to support the 
view that the abnormal thymol turbidities asso- 
ciated with liver damage depend on a disturbance 
of the intimate relationships of the albumin and 
globulins in the serum. 

Replacement experiments suggest that qualita- 
tive defects in albumin are important in the pro- 
duction of the reaction in acute hepatitis. 

Abnormal globulins contribute to some positive 
reactions which are regarded as “ non-specific.” 

My thanks are due to the officials of the Lister 
Institute, who have been so generous in granting me 
research facilities. 

A part of this paper was incorporated in a com- 
munication to the first International Congress of 
Biochemistry in August, 1949. 
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FAECAL FAT VALUES ON PRESENT BRITISH DIETS 

BY 

R. J. B ROM FIELD 

From the London School of Hygiene and Tropical Medicine 


(received for publication, JUNE 2, 1949) 


During a series of faecal fat analyses on samples 
of dried faeces (Soxhlet method) it was noted 
that the “ normal ” total fat content was usually 
within the range of 10% to 15%, of which some 
50% was split fatty acid. These values are signifi- 
cantly lower than those encountered in similar 
hospital patients before 1940, and can readily be 
explained by the reduced fat content of the present 
diet. They do, however, lead to a consideration 
of the effects of the present low fat intake on 
conditions usually associated with fatty stools. 

It is appreciated that an analysis of pooled 
three-day samples of faeces is desirable, but such 
collections are unpleasant, difficult to handle, and, 
in the majority of cases, not practicable. Hence 
the usual hospital practice of utilizing a single 
morning specimen has been followed. It is impor- 
tant, however, that any comparison of normal and 
pathological findings be made on patients receiv- 
ing similar diets, particularly with regard to the 
intake of fat. 

Fairley (1936) showed that in 56 out of 70 
cases of tropical sprue the total faecal fat exceeded 
25% of the dried faeces, with an overall average 
of 39.1% of total fat, of which 64.8% was split. 

It will be seen that in the present series of 10 
cases of tropical sprue the average total faecal fat 
was 34.2% of which 70.6% was split fatty acid, and 


in three cases of idiopathic steatorrhoea similar 
figures were obtained. 

Normally, not more than 25% of the dried 
faeces should be fat, of which not more than 25% 
should be unsplit. When the total fat intake is 
low, split fat is almost completely absorbed, and 
even in health unsplit fat may form a higher pro- 
portion of the faecal fat, since some of it corre- 
sponds more or less to “ starvation ” faecal fat 
which may be regarded as fatty material excreted 
into the bowel or formed by degeneration of cell 
tissue, and not as a food residue (Harrison, 1947). 

In the present somewhat limited series the 
average normal fat content of the dried faeces 
was 13.1%, with a range of from 7.5% to 17.7%. 
Splitting was somewhat low, the average split fat 
being only 54.3%. 

Summary 

Although the normal total faecal fat and fatty 
acids in the stool have been somewhat diminished 
by restrictions in diet, the rule that normally not 
more than 25% of the dried faeces should be fat 
is still a sound generalization. 
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TABLE 

Fat Content of Dried Stool 


Condition 

No. 

of 

Cases 

Total Fat (%) 

_ 

Split Fat (%) 

Minimum 

Maximum 

Mean 

Minimum 

Maximum 

Mean 

Normal 

20 

7.5 

17.7 

13.1 

29.1 

86.4 

54.3 

Tropical sprue ... I 

10 

24.2 

45.7 

34.2 

61.8 

82.0 

70.6 

Idiopathic steatorrhoea 

3 

31.1 

46.3 

38.2 

63.8 

75.4 

69.6 
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VIBRATORY MOVEMENT IN THE CYTOPLASM 
OF ERYTHROCYTES 

BY 

R. J. V. PULVERTAFT 
From the Westminster Hospital School of Medicine 

(RECEIVED FOR PUBLICATION, MAY 26, 1949) 


In 1890 Browicz described an intracellular vibra- 
tory movement in human erythrocytes, which he 
believed to be a pathological condition, from four 
cases of anaemia. It was found in one case of 
pernicious anaemia, and was stated to disappear 
following a remission ; it was also found in two 
cases of malignant disease. He ascribed it to 
abnormal reactions between pathological erythro- 
cytes and their plasma. In his view it was not 
a vital phenomenon since it persisted at room 
temperature when leucocytic activity had subsided, 
and he stated that it continued for at least 24 hours. 

Cabot (1901) made several references to this 
motion. He stated : 

“ If we focus carefully on a red cell we can usually 
make out a fine wavy so-called molecular motion in 
it This is quite different from the active amoeboid 
movement observed in dying cells, and from the rapid 
dancing of malarial pigment.” 

In modem textbooks of cytology and haemato- 
logy no reference to this motion is found. On the 
contrary, the absence of structure as seen by all 
methods of microscopy except the polariscope is 
stressed. Yet motion is not possible in the absence 
of structure. 

During the examination of avian and amphibian 
erythrocytes by phase contrast illumination a rapid 
and regular oscillatory movement was easily noted 
in the cytoplasm. The cytoplasm of normal and 
abnormal erythrocytes revealed the same motion, 
and indeed all erythrocytes examined, including 
those of goose, chicken embryo, hen, rabbit, 
guinea-pig, and mouse, show it clearly. It is best 
seen in the large nucleated erythrocytes of birds 
and frogs. 

‘ Brownian movement ” is the oscillation of 
visible particulate material when suspended in 
fluid. The vibratory phenomenon here discussed 
does not involve motion in particulate material 
within the limits of resolution of the microscope. 
No such particulate material exists in the erythro- 


cyte. The phenomenon consists of a rapidly 
alternating change of the refractive index of the 
cytoplasm, leading to an appearance of alternate 
lightening and darkening of certain areas. These 
areas are, roughly speaking, arranged radially, and 
are exceedingly close together, so that the whole 
of the content gives the appearance of intense and 
continuous agitation. 

The cell membrane of mammalian erythrocytes, 
when examined under a cover-slip pressed firmly 
down, shows a continuous irregular deformation 
of outline, which can be clearly seen by dark 
ground illumination ; by careful focusing it can be 
noted that the upper surface, as well as the edge, 
is in continuous motion. No such motion can be 
seen with the erythrocytes of bird or frog ; the 
latter indeed have, in the cases examined, on their 
surface minute granules which remain motionless. 
It follows therefore that the apparent vibration in 
the cytoplasm is not due to a change in refractive 
index of the contents as the cell varies locally in 
thickness owing to movement of the cell mem- 
brane, but to a periodic change of some kind in 
the cell contents. As will be related, this vibration 
can be inhibited by sodium fluoride. 

Since the geometric form of erythrocytes is con- 
ditioned by the physical nature of their environ- 
ment, it is necessary to adopt a special technique 
to observe the vibratory motion. In saline or in 
Tyrode’s solution mammalian erythrocytes assume 
a spherical form ; this form is also assumed with 
many reagents. Blood must therefore be collected 
in minimal amounts of 3% sodium citrate, or 
examined fresh and undiluted. 

When crenated, erythrocytes show poor vibra- 
tion ; when spherical, they show' none, and indeed 
they appear to be dense and compact. The best 
condition for viewing cells is obtained by placing 
a small drop on a slide, and pressing the cover- 
slip very firmly dowm under blotting-paper. 
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When examined by normal transmitted light, 
vibratory movement can sometimes be seen if the 
iris diaphragm is well stopped down, but it is most 
difficult to observe. By dark ground illumination 
it is very clearly seen in avian cells, but in mam- 
malian cells it is in part obscured by the motion 
of the cell membrane. It is best observed by phase 
contrast. The illuminant for phase contrast micro- 
scopy is most important, especially with high 
power objectives. After experimenting with many 
types, the best was found to be the B.T.H. Mazda 


erythrocytes show no trace of vibration, but they do 
frequently contain minute granules in Brownian move- 
ment. 

Vibration in Other Cells. — Nothing resembling this 
has been noted during long examination of other 
mammalian cells, or in the cells of lower forms of 
life — c.g., Daphnia . On a warm stage the granules in 
many cells oscillate, but this appearance is of an 
entirely different order from the comprehensive 
erythrocytic vibration. 

Reticulum in unstained reticulocytes cannot be re- 
solved by phase contrast, but blood with 30% of 
reticulocytes showed vibration in all the erythrocytes. 



Fig. 1. — Avian erythrocytes in plasma. Phase contrast Fig. 2. — Avian erythrocytes in plasma with 0-1 ml.M sod- 
X 900. ium fluoride added per ml. plasma. Phase contrast X 900. 


mercury vapour electric discharge lamp, box type 
ME 250 W/50/5, as recommended by Clegg and 
Foster-Carter (1946). 

Experiments 

Duration and Period of Vibration. — Vibration con- 
tinues unaltered up to 48 hours in many cases. In 
general it appears to persist until haemolysis sets in. 
The oscillatory movement appears to be of the same 
periodic order as that of minute particles suspended 
in the plasma. Attempts to measure the period with 
a stroboscope were not successful. 

Temperature. — No change in vibration was observed 
between 0° C. and 37° C. When further warmed, 
haemolysis sets in, and vibration ceases to be 
observable. 

Haemolysis. — In whatever way haemolysis is pro- 
duced — i.e., by the action of complement on sensi- 
tized cells — vibration gradually ceases. “Ghost” 


When vitally stained by cresyl blue the reticulocytes 
are identifiable ; the reticulum remains motionless but 
the cytoplasmic vibration continues. 

The abnormally shaped erythrocytes seen in anaemia 
also show vibration. It is visible in erythroblasts but 
not in pro-erythroblasts either from bone marrow or 
in the peripheral circulation. Not until a halo is 
visible around the nucleus by phase contrast is vibra- 
tion visible ; this halo is not seen in pro-erythroblasts 
or in more primitive cells of the scries. 

Effect of Gases. — Vibration continues in cells which 
have been exposed to an atmosphere of pure oxygen, 
nitrogen, carbon dioxide, and carbon monoxide. 

Effect of Certain Chemical Reagents. — Vibration 
ceases immediately with formalin at a concentration 
of 1 in 2,000 of the 40% solution. 

The effect of sodium fluoride is noteworthy. When 
0.1 ml. of a molar solution is added to 0.9 ml. of 
citrated blood, there is no immediate change in the 
appearances, but within three minutes vibration censes 
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with mammalian erythrocytes. Avian erythrocytes 
also cease to show vibration, but in addition show 
another change. By phase contrast there is normally 
no halo around the nucleus, but after the addition of 
sodium fluoride a marked halo develops, and the cyto- 
plasmic contents appear to be withdrawn and con- 
densed towards the periphery'* If avian cells treated 
with sodium fluoride are fixed and stained by Leish- 
mans stain, they are, however, indistinguishable from 
normal cells. 

Discussion 

The first observers of this motion accepted it 
as ** molecular movement/’ and apparently saw it 
by transmitted light. They worked in an era of 
scrupulous microscopical observation of living 
cells ; to-day we are rather limited by the artifacts 
of fixation and staining. It certainly is not an 
artifact produced by the alternation of current to 
an A.C. lamp, since it is equally well seen with a 
D.C. arc. A reason has been given for excluding 
the suggestion that the apparent motion is due to 
oscillations in the cell membrane ; indeed by phase 
contrast the impression given is definitely one of 
turbulence in the cytoplasm. 

Solutions of haemoglobin in distilled water or 
in gelatin show no trace of the motion, and ghost 
erythrocytes equally show no motion. Either the 
haemoglobin when inside the cell itself occasions 
the motion, or it acts as an indicator, making 
motion visible. This might, for example, be the 
case if it were periodically subject to focal concen- 
tration, with a change of refractive index. It is 
not possible to resolve any particulate matter in 
erythrocytes by any microscopical technique ; the 
haemoglobin molecule is well outside the limits of 
resolution. 

The main function of haemoglobin is the accept- 
ance and transference of oxygen. The motion, 
however, cannot be related to this, since when 
saturated with carbon monoxide the cell still 
vibrates. It also vibrates when sodium hydro- 
sulphite is added, until haemolysis sets in. 

When the cell is “ fixed ” by formalin vibration 
ceases, doubtless owing to physical alteration in 
the colloidal contents. The action of sodium 
fluoride is of greater interest, particularly since it 


appears to produce an alteration of the distribu- 
tion of haemoglobin in the cell, at least in avian 
erythrocytes. 

Whereas many reagents added to suspensions of 
erythrocytes in plasma tend to produce changes in 
the geometrical form of erythrocytes, sodium 
fluoride in the strength used does not; its effect 
is only noted optically by the cessation of vibra- 
tory motion in the mammalian erythrocyte, and 
redistribution of haemoglobin in the avian. 
Wilbrandt (1940) has shown that sodium fluoride 
causes permeability to cations in erythrocytes, 
and this is said to be related to interruption 
of glycolysis. The normal erythrocyte is imperme- 
able to potassium ; this characteristic is altered by 
sodium fluoride. So far as the experiments related 
here give any indication of the nature of the vibra- 
tory motion, they suggest that it is related to 
glycolysis. The vibratory motion itself is an indi- 
cation that the refractive index of the cytoplasmic 
contents is constantly changing ; the alternation 
of dark and light seen by phase contrast is 
probably due to changing concentrations of the 
haemoglobin, and this may be related to meta- 
bolism, and particularly to glycolysis. 

Summary 

Mammalian, avian, and amphibian erythrocytes 
show a vibratory motion in the cytoplasm, best 
seen by phase contrast. No other cell of many 
examined, whether from mammals or from lower 
forms of life, exhibits this motion. It is seen in 
reticulocytes and erythroblasts, but not in pro- 
erythroblasts. It is not seen in de-haemoglobinized 
erythrocytes or in a solution of haemoglobin. 
It is inhibited by sodium fluoride, which pro- 
duces a redistribution of haemoglobin in avian 
erythrocytes. The possible relation to glycolytic 
metabolism is discussed. 
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It is well known that Rh antibodies develop in 
persons who are nearly always Rh-negadve, either 
as a result of immunization during pregnancy, or 
as a result of repeated transfusions when Rh-posi- 
tive cells are given to Rh-negative recipients. 

During the last two and a half years we have 
had an opportunity to study 885 families in which 
the mothers were immunized by pregnancy. 
Nearly all these cases were caused by immuniza- 
tion to the D (Rh 0 ) antigen ; in some instances, 
however, antibodies against the C (rh') or E (rh") 
antigens were developed as well. 

Of the 13 blood transfusion reactions due to 
Rh antagonism, all but two were similarly caused 
by the most important of the Rh antigens, the 
D or Rho antigen, which was lacking in the 
recipient. 

In the literature only a few cases are reported, 
in which Rh antigens other than D (Rh 0 ) — that is 
to say the C, E, c, d, or e antigens — have been 
found to be the only cause of Rh immunization. In 
this paper we propose to give details of the few 
exceptional cases due to immunization to these 
rarer antigens, and to mention at the same time 
the possibility of producing antibodies against 
them by artificial immunization. 

Immunization Due to the E (rh") Antigen 

Case 1 (K.F.). — The first child, born in 1934, died 
seven weeks after birth from gastro-intestinal infec- 
tion. In 1938 a full-term normal infant was delivered. 
This was followed by a pregnancy in 1946, which 
terminated with the birth of a seven-months stillborn 
foetus. In 1947 a full-term child was born. This 
child, however, died two days after delivery, without 
icterus but with symptoms of cerebral lesions 
(kernicterus ?). 

Serological tests gave the following results: 

Father's cells: O M P Rh-positive, subtype cDE 

(Rh,). 


Mother's cells: O N pp Rh-positive, subtype 

CDe (Rh,). 

Infant's cells: O MN Rh-positive, genotype 

CDe/cDEtRhjRh,). 

In the mother's serum a pure antibody, type anti-E 
(anti-rh"), was present, of titre 1:8 in saline as well 
as in albumin. The same titre was found by means 
of the indirect Coombs test. 

Case 2 (K.). — The first two children were healthy. 
The third child shortly after birth showed symptoms 
of a mild icterus, but developed quite normally. The 
fourth child was brought to hospital when six weeks 
old. The paediatrician (Bakx, 1949) found a hepato- 
splenomegaly. The haemoglobin was 43%. No 
nucleated red cells were found in the blood smear. 

Although the mother was group O Rh-positive, the 
infant's group O Rh-positive red cells were strongly 
agglutinated by the serum of the mother. 

Serological tests gave the following results: 

Father's cells: A Rh-positive, CDe/cDE (Rh l Rh 2 ). 

Mother's cells: O Rh-positive, CDe/CDe 

(RhtRtit). 

First child: A Rh-positive, CDe/CDe (Rh,Rh,). 

Second child: O Rh-positive, CDe/cDE (RhiRhJ. 

Third child: O Rh-positive, CDe/cDE (Rh,Rh 2 ). 

Affected baby: O Rh-positive, CDe/cDE 

(Rh,Rh 2 ). 

In the maternal serum a pure antibody of the type 
anti-E (anti-rh") was present: titre in saline 1:16: 
titre in albumin 1:64. 

Cases similar to the two above-mentioned examples 
have been described by Rice and Watson (1948), Race 
(1946), and Dick (1947). 

Clearly iso-immunization during pregnancy by the 
E (rh") antigen alone is very exceptional. 

Immunization Due to the C (rh') Antigen 

Case 3 (B.L.). — The first child, born in January, 
1943, was normal, but a second pregnancy terminated 
with the birth of a full-term, stillborn child in July, 
1945. A third pregnancy ended with the birth of a 
six-months hydropic foetus in June, 1946. In August, 
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1947, a baby was bom with mild symptom's of erythro- 
blastosis foctalis. This child was treated by exchange 
transfusion and developed quite normally, although 
jaundice persisted for several weeks. 

Serological tests; 

Father's cells: O Rh-positivc, CDe/Cde (Rh,rh'). 

Mother's cells; A Rh-negativc, cdc/cde (rhrh). 

First child: A Rh-positive, CDe/cde (Rh,rh). 

Affected infant: O Rh-positive, Cdc/cde (rhTh). 

By repeated examinations it was confirmed that the 
child's cells belonged to the genotype Cde/cde (rhTh), 
and that the absence of reaction with anti-D serum 
was not due to the presence of a weak D or D u anti- 
gen, which might have been overlooked early in life. 
In the mother's serum anti-C was present at a titre of 
1 :8, and anti-D at 1:32; both antibodies were of the 
incomplete type. The presence of the anti-D antibody 
may be explained by previous immunizations with D 
antigen. There is no direct proof that the difference 
in clinical picture between the last-bom infant (only 
mildly affected) and the previous children (severely 
affected) was the result of a difference in the titre of 
antibodies, or due to the fact that the child possessed 
only antigen C. It must be added that we have never 
found a direct relation between the type or titre of 
antibodies and the clinical picture, although in general 
a high or increasing titre of incomplete antibodies, 
type anti-D, is often associated with a severe form of 
the disease. 

As far as we know, only a few examples of 
erythroblastosis foetalis due to the presence of the 
antigen C (rlT) alone have been described. Waller, 
Levine, and Garrow (1944) found a case of 
erythroblastosis foetalis, in which the mother's red 
cells belonged to group A,, cDE (Rh : ), the infant's 
red cells to A t , ODe (RhO, and an antibody of the 
type anti-C (rh') was found in the maternal 
serum. Two other cases are reported by Tisdale 
(1949) and by Drummond (1948). 

Immunization Due to the C w (rh" *) Antigen 

Erythroblastosis foetalis due to the allelomorph 
C w (rh" ') is exceedingly rare. The antigen C w 
was discovered by Callender and Race in 1946, 
and the first case of C w -C antagonism causing 
erythroblastosis foetalis was described by Lawler 
and van Loghem (1947). 

The infant's red cells belonged to the genotype 
C w De/CDe (Rh, w Rh,), and the mother’s cells 
to the genotype CDe/cde (Rh,rh). In the maternal 
serum a pure anti-C w was present with a titre in 
saline of I; 2, and 1 : 128 in albumin, as well as 
by means of the indirect Coombs test. A second 
case of haemolytic disease of the newborn caused 
by C w -C antagonism has been reported by 
Broman (1948), 

The rare occurrence of erythroblastosis foetalis 
as a result of iso-immunization by C w -C antagon- 


ism may be explained by the low frequency of 
this antigen, 2.5% in England and 4.2% in 
Holland. 

Immunization Due to the c (hr) Antigen 

The antigen c (hr 7 ) is responsible for rather a 
large number of cases of haemolytic disease of 
the newborn. The corresponding antibody anti-c 
(anti-hri) was discovered almost simultaneously 
in 1943 by Levine and Race and Taylor in 
Rh-positive women. 

In our material we have found four cases of 
erythroblastosis foetalis due to iso-immunization 
in pregnancy to the antigen c (hr"). The geno- 
types of the father's cells were cde/cde (rhrh), 
CDe/cde (Rh,rh), or cDE/cde (Rh=rh), and that 
of the mother's cells CDe/CDe (Rh. Rh.). Pure 
antibodies of type anti-c (anti-hri) in the complete 
and/or incomplete form were present in the 
maternal sera. 

The sera were also tested with Cde/Cde (rh' rh') 
cells in saline, albumin, and with the indirect 
Coombs test, but an antibody of type anti-d was 
never found. The antigenic power of the d-anti- 
gen must be very weak, for there is an equal 
chance of producing anti-d as well as anti-c. 

Brief histories of these pregnancies follow. 

Case 5 (H.). — The first case in Holland was sero- 
logically examined and described in detail by Van 
Bolhuis (1948). 

Out of this marriage of father, group O cDE/cde 
(Rh,rh), and mother, group A CDe/CDe (RhiRhj), 
12 children were bom. All of them developed jaun- 
dice shortly after birth, and three of them died, the 
third child from bleeding from the umbilical cord and 
the seventh child half an hour after birth, with jaun- 
dice and ascites. The ninth pregnancy ended with the 
birth of twins ; one of them was very jaundiced and 
survived only two days, the other one was more mildly 
affected, although with a strong erythroblastaemia, 
and developed quite normally. The tenth child w-as 
also only mildly affected, but the eleventh now' has 
the sequelae of kemicterus. The last child, bom in 
1948, was treated with exchange transfusion and 
developed quite normally. 

In the maternal serum an antibody type anti-c 
(anti-hr') w'as found at a titre of 1 : 64 in saline and 
i : 128 in albumin. 

Case 6 (v.S.). — In this family, after two normal 
children in 1939 and 1944, an infant was bom with 
symptoms of a congenital haemolytic anaemia. The 
haemoglobin level was 40% and erythrocytes 1,860,000 
per c.mm. There w r as no jaundice and no hepato- 
splenomegaly. 

Father's cells : O cde/cde (rhrh). 

Mother's cells : O CDe/CDe (Rh^h,). 

Infant's cells : O CDe/cde (Rh.rb). 
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In the maternal serum an antibody type anti-c 
(anti -hr') was present, at a titre of 1:16, in the 
incomplete form only. 

Case 7 (D.). — The history of this patient's preg- 
nancies is marked by a number of stillbirths, with 
pregnancies terminating in the fifth, third, fifth, sixth, 
sixth, and sixth months. A living child was never 
born. 

Father's cells : A cde/cde (rhrh). 

Mother's cells : O CDe/CDe (Rl^Rh,). 

An incomplete antibody type anti-c was present: 
titre in albumin 1:64; in saline, negative. 

Case 8 (V.). — The first pregnancy ended in 1942 in 
a stillbirth, the second resulted in the birth of a normal 
child in 1943. In 1944 a premature stillborn child was 
born, 5i months old. A child bom in 1947 survived, 
but was jaundiced after birth. In 1948 the last child 
was born three weeks before term. This infant was 
very jaundiced and showed symptoms of kernicterus. 
Unfortunately it was treated with Rh-negative (cde/ 
cde) O blood. It survived, however, and three months 
after birth its blood was investigated. The mother 
was found to belong to group A CDe/CDe (Rh,Rh,), 
the father to group A CDe/cde (Rh,rh), and the infant 
to group O Cde/cde (Rh^h). In the maternal serum 
an antibody type anti-c was found, titre in saline 
1 : 2, in albumin 1 : 16. 

As may be concluded from the cases already 
described and Case 9, the c-antigen is a strong 
antigen compared with C and E. The frequency 
of iso-immunization due to the c-antigen in 
haemolytic disease of the newborn forms a strik- 
ing contrast to the infrequency of immunization 
by C and E. 

Blood Transfusion Reactions Due to Differences in 
Rh Type 

Blood transfusion reactions due to differences 
in Rh type between the recipient and the donor, 
are rarely encountered. One of the most impor- 
tant reactions is due to transfusion of Rh-nega- 
tive blood to homozygous Rh-positive recipients. 

Wiener (1948) reported two cases of transfusion 
reactions due to the presence of the iso-anti- 
bodies anti-c (hr'). Other cases have been reported 
by Speck and Sonn (1945), Sussmann (1947), and 
by Callender and Race (1946). 

We have encountered one case of a haemolytic 
transfusion reaction due to immunization by this 
antigen in a woman who was previously immun- 
ized by pregnancy. 

Case 9 (V. de W.) . — This woman received a blood 
transfusion for anaemia six days after delivery of her 
ninth child. Her haemoglobin was 43%. When about 
50 ml. of blood had been given a severe haemolytic 
reaction developed, and the transfusion was immedi- 


ately stopped. The red cells of the donor were 
agglutinated by the scrum of the patient after 15 
minutes' incubation at 37°. Further investigations of 
this reaction showed : 

Patient: A CDe/CDe (Rh.Rh,). 

Donor: A CDc/cDE (Rh,Rh 2 ). 

In the scrum an iso-antibody of the type anti-c 
(anti-hr') was present, agglutinating in saline as well 
as in albumin (titre 1 : 512). The patient’s husband 
belonged to group A cDE/cdc (Rh a rh), and four of 
the children to group O CDe/cde, A CDe/cde, 
O CDc/cde, and A CDc/cDE respectively. 

It was remarkable that the history of pregnancies 
did not show striking evidence for erythroblastosis 
foctalis. Only one of the nine children, the eighth, 
born in 1945, was stillborn. The course of all the 
other pregnancies was quite normal. The children 
were delivered at full term and did not show any 
symptoms of haemolytic disease. Even the last child, 
born six days before the transfusion, was quite 
healthy without the slightest symptoms of anaemia 
or jaundice. Unfortunately it was impossible to 
perform hacmatological investigations shortly after 
birth, but undoubtedly the antibody anti-c must have 
been present in the maternal serum, and presumably in 
the blood of the Iast-bom child without affecting it, 
although its blood group was A CDe/cDE. The 
woman had never been transfused before, neither had 
she received intramuscular injections of blood. All 
the children probably stimulated the production of 
anti-c (anti-hr'), for the antigen c in the blood cells 
of the father was present in the homozygous form, 
cDE/cde. 

The antibody anti-d was detected by Diamond 
(1946) and later reported by Hill, Haberman, 
Everist, and Davenport (1948). It has never been 
encountered in the pure form, but only in com- 
bination with anti-c. 

The antibody anti-e (anti-hr") was first dis- 
covered by Mourant (1945) in a patient of the 
genotype cDE/cDE (Rh : Rh = ) who had received 
multiple transfusions. Recently Wiener and 
Peters (1948) have described a second example 
resulting from immunization by blood transfusion, 
and Moullec (1948) has reported a third case in 
a 12-year-old girl, also due to multiple trans- 
fusions ; in this case anti-e was found together 
with anti-C. There is no example of iso-immun- 
ization in pregnancy by this antibody. 

We have never encountered the antibody type 
anti-d (anti-Hr 0 ) and anti-e (anti-hr") either as a 
result of pregnancies or of transfusions. Trans- 
fusion reactions due to differences in subtypes of 
Rh-positive blood between donor and recipient are 
likewise exceedingly rare. The only instance we 
have encountered was of a patient of blood 
group A MN cDe (Rh„). The scanty clinical 
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data available concerning this patient are presented 
below. 

Case 10. — J., 23 years old, was wounded by bomb 
splinters in July, 1947, and received four transfusions 
without any reaction. The patient was treated in 1948 
with blood transfusions and penicillin for subacute 
bacterial endocarditis which had developed as a result 
of local lesions in the heart caused by bomb splinters. 
Seven transfusions of a pint of blood were given in a 
period of about five weeks. The second transfusion 
was followed by chills, and so was the fourth trans- 
fusion. A rather severe febrile reaction also followed 
the last transfusion, but there was no positive 
evidence of a haemolytic reaction (no haemoglobin- 
uria or jaundice). 

Patient's blood cells: A MN cDe (Rh 0 )- 
Donor’s blood cells: A MN CDe/cDE (Rh,Rh 2 ). 

It will be seen from Table I that all the reactions 
were caused by cDE blood. 


TABLE I 

Case 10: Reactions to Transfusion 


Date 

Transfusion 

No. 

Reaction 

Donor’s 
Blood Group 

July 1947 

4 transfusions 

No reaction 

A CDe (R h t ) 

10-9-48 

First 


A cDE (Rh.) 

14-9-48 

Second 

Chill 


17-9-48 

Third 

No reaction 

i 

21-9-48 

Fourth 

Chill 

A cDE (Rh.) 

26-9-48 

Fifth 

No reaction 


6-10-48 

Sixth 

it tt 

A CDe (RhJ 

21-10-48 

Seventh I 

Chill 

A cDE (Rh.) 


After the last transfusion a pure antibody type 
anti-E (anti-rh") was present in the patient’s serum, 
only reacting in albumin at a titre of 1 : 16. 

Race (1946) has found several cases of transfusion 
reactions due to the E antigen. 


TABLE II 

Experimental Formation of Pure Antibody Type 
Anti-C“" 


Date of 
Injection and 
Serial No. 

Amount of i 
O C Cells 
Injected 

(ml.) 

Titres of Antibodies 
(Anti-O) 

Saline 

Albumin 

26.4.48 

1st 



i 

5.8.48 

21st 

0*5 


! 1:8 

16.8.48 

22nd 

05 l 


1:8 

19.8.48 

23rd 

1-0* j 

1:2 j 

1 : 16 

23.8.48 

24th 

1*0 

1:16 

1:64 

25.8.48 


I 

1:32 

1 : 128 


typhoid vaccine (triplovaccin diluted 1 : 3) given 


Antibody Formation Due to Artificial 
Immunization 

In previous articles we reported the production 
of the rare antibodies anti-C and anti-E as a result 
of frequent immunization with small quantities of 
Cde and cdE cells in Rh-negative volunteer 
donors. The influence of heterospecific immun- 
ization on the production of antibodies against the 
injected antigen C and E was described. By this 
means we succeeded in producing two sera with 
anti-C and one with anti-E, the last one without 
the injection of heterospecific antigens. 

After this method was proved to be successful 
we tried to make the rare antibody anti-C w in the 
same way. Three of our volunteer donors were 
injected with cells of the Rh group C w De/cde. 
Injections of 0.5 ml. of a 50% suspension of these 
cells were given twice a week. The Rh groups 
of the donors were CDe/cde. As will be seen 
from Table II one of the donors (Group O MN 
CDe/cde) reacted with the formation of a pure 
antibody type anti-C w . It is highly probable that 
the titre 1 : 8 found after the twenty-first and 
twenty-second injections was increased by the 
administration of typhoid vaccine injected intra- 
muscularly. After 24 injections the titre in saline 
was 1 : 32 and in albumin 1 : 128. At this time the 
donor was bled and the immunization procedure 
stopped. 

Summary 

In 885 cases of Rh iso-immunization during 
pregnancy, the antigen D was almost invariably 
concerned. In these cases the mother was D-nega- 
tive and the infant D-positive, and the mother 
formed anti-D, with or without anti-C or anti-E. 
In one case an infant of genotype Cde /cde was 
affected by anti-C in its mother’s serum. 

In eight exceptional cases the mother was D- 
positive and formed anti-c (4 cases), anti-E (2 
cases), or anti-C w (I case). 

Similarly, of 13 blood transfusion reactions due 
to Rh incompatibility, all but two were caused by 
the formation of anti-D by a D-negative recipient. 
In the two exceptional cases, anti-c and anti-E 
were concerned. 

The rare antibody anti-C w was produced by 
one out of three volunteers who were given 
repeated intravenous injections of C w blood. 

We wish to thank the following clinicians who have 
sent specimens of blood and details of the cases: 
C. J. A. Bakx, H. Bauer, J. H. van Bolhuis, P. K. 
de Haas, B. J. Mansens, J. M. Soeters, W. Vetter. 
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TECHNICAL METHODS 


A SLIDE METHOD FOR DEMONSTRATING SOLUBLE HAEMOLYSIN 

' BY 

J. C. MONCKTON 

From the Southern Group Laboratory, Park Hospital, London. 

(received for publication, may 20, 1949) 


The following method of testing the haemolytic 
streptococcus for soluble haemolysin has been 
found to give good results, and no indefinite 
results (as are sometimes found by the tube 
method) have been encountered. The main 
advantage of the method is that positive results 
are easily read and are not screened by undis- 
solved red cells, as occasionally happens in the 
tube method, thus making the readings difficult. 

Method 

The streptococcus to be tested is subcultured in 
20% serum broth and incubated overnight. A con- 
veniently sized loopful of the culture is placed on a 
t in, square (No.'l) coverslip and mixed with a loop- 
ful of normal horse cells. 

The mixture is mounted by touching the drop 
with a slide as in preparing ordinary wet film. Finally 
the coverslip is sealed all round with vaseline and 
incubated at 37° C. A positive result is indicated by 
a complete transparency of amber colour in about 
three hours as a rule, whereas in a negative result the 
preparation remains opaque (see Fig.). Late after- 
noon preparations may be incubated overnight. The 
results are judged simply by holding up the slide to 
the light 

The best results are obtained with a proportion of 
two or three volumes of cells to one volume of cul- 
ture, but exact amounts are not essential. As a larger 
volume of cells than of the broth culture is normally 
picked up by the loop, one loopful of each works well 
in practice. CThe normal horse blood is undiluted, 
that is, as it is used for adding to nutrient agar for 
making blood-agar plates.) 

Sealing Tool for Wet Preparations. — A quick 
and effective tool for sealing off wet preparations was 
devised in the following manner. 

X 


A piece of soft metal about i in, wide' and 34 in. 
_!ong by 1 /32 in. thick was oblained and bent with 
pliers into a square with sides approximately -J in. 
(For the metal strip a faeces spoon w'as used.) A metal 
swab stick W’as suitably bent and a handle soldered 
on vertically: or holes could be drilled and the ends 
of the swab stick bent and inserted. To use the derice 
it is only necessary to hold the handle and heat the 
.square of metal in a bunsen flame for a few moments. 
Then the bottom edge of the heated metal is pushed 
into a petri dish of vaseline, removed, and held in 
such a w'ay as to touch or almost touch the perimeter 
of the coverslip. The melted vaseline then runs on to 
the glass and forms an effective and neat seal. 




Photograph of slide showing negative (left) and posi- 
tive results, and (below) the tool described in the 
text 
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THE DETERMINATION OF SERUM IRON WITH FERRICYANIDE 
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There are numerous reagents which produce a 
coloured complex with iron and are, in general, 
suitable for the colorimetric determination of this 
substance. The minute amount of iron present 
in serum, however, restricts determinations to the 
iron thiocyanate or o-phenanthroline reactions. 

In the thiocyanate method the colour fades 
rapidly and it is necessary to extract the coloured 
ferric thiocyanate complex with an organic solvent, 
in which many of the salts which inhibit the colour 
development and otherwise interfere are insoluble. 
The o-phenanthroline method is less sensitive than 
the thiocyanate method, but has the advantage 
that the colour developed is stable for long periods. 
The present work was undertaken to develop a 
method in which the colour was specific, stable, 
and intense enough to allow good readings to be 
obtained in the photoelectric colorimeter at the 
low level of iron concentration encountered in 
serum. 

Ferrous iron forms a blue colour with potassium 
ferricyanide, and it was decided to utilize this 
colour for the iron determination. The non- 
haemin iron is liberated from the serum by incu- . 
,_bation with hydrochloric acid, the proteins pre- 
cipitated with trichloracetic acid, and the iron in 
the protein-free solution reduced to the ferrous 
state with hydrazine sulphate, as described by 
Barkan and Walker (1940). Potassium ferricyanide 
is then added and the blue colour measured on the 
Spekker photoelectric absorptiometer. 

Experimental Work 

The coloured iron ferricyanide complex is soluble 
in excess of the reagent, and the present investiga- 
tion shows that the colour can be used for the 
quantitative determination of iron in serum. The - 
blue colour, combined with the yellow of the 
excess ferricyanide, gives a green colour, the blue 
component of which is proportional to the iron 
concentration. 

If potassium ferricyanide and hydrazine sulphate 
are left together in an acid solution, the solution 
after three or four hours assumes a greenish tinge 


which gradually increases in intensity. This colour, 
which is due to the decomposition of the ferri- 
cyanide, bears no relationship to the iron concen- 
tration of the test solution. In an actual iron 
estimation the colour due to the iron reaches a 
maximum in a quarter of an hour, is stable for 
a further two hours, and then begins to increase 
in intensity as described above. 

Calcium, lead, and arsenic do not interfere with 
colour development at all. In the amounts 
normally present in serum, zinc and copper do, 
not interfere, but when present in high .concentra- 
tions, cause precipitation of their respective ferri- 
cyanide complexes. Oxalate completely inhibits 
colour development, and for this reason serum, 
and not plasma, was used throughout our experi- 
ments. Variation in the concentration of potassium 
ferricyanide used causes no change in the final 
reading obtained, and practically no difference was 
found when the concentration used differed as 
much as from 5% to 20%. Slight variation in the 
concentration of hydrazine sulphate causes no 
appreciable difference. 

Provided the hydrochloric acid used to liberate 
the non-haemin iron does not exceed a concentra- 
tion of 10% (volume /volume), the colour will not 
be affected, but should it rise above this, partial 
fading will take place, until at a concentration of 
20% (v/v) no colour develops at all. The final 
solution, therefore, must not be stronger than 0.2N 
in respect of hydrochloric acid. Similarly, the 
amount of trichloracetic acid used to precipitate 
the proteins must not exceed the 2 ml. of 20% 
(weight /volume) otherwise fading will take place. 
Under the conditions described in our method, 
there is no interference from the hydrochloric 
acid or the trichloracetic acid. Sulphuric acid 
does affect the colour, but only when the solution 
is greater than 0.1N in respect of sulphuric acid. 
Phosphate, sulphate, and chloride do not interfere. 

Method 

The following is a detailed description of our 
method. 



DETERMINATION OF SERUM 

Reagents. — The following reagents are used : 

" I. Hydrochloric acid, 5% (v/v). 

2. Trichloracetic acid, 20% (w/v). 

3. Hydrazine sulphate. 1% (w/v), freshly pre- 
pared before use. 

4. Potassium ferricyanide, 10% (w/v). 

Double-distilled water is used in making up all 
solutions, which are stored in acid-washed bottles. 
AH other glassware used is also acid-washed, and then 
washed acid-free with double distilled water. 

Procedure. — To 4 ml. serum in a thick walled test 
tube 2 ml. 5?o hydrochloric acid is added and incu- 
bated at 37 c C. for one hour. This is cooled to 
room temperature and 2 ml. 20% trichloracetic acid 
added. It is then mixed, allowed to stand for at 
least one hour, and centrifuged for 15 minutes at 
2,500 revolutions per. minute. It is important that the 
mixture be allowed to stand for at least one hour, 
jotherwise a clear supernatant fluid will not be 
obtained. If possible it should be left overnight 
before centrifuging. 

To another test tube 4 ml. of the supernatant fluid 
are transferred. A blank is prepared in a third 
test tube by taking 2 ml. water, 1 ml. 5% hydrochloric 
acid, and 1 ml. 20% trichloracetic acid. To both 1 ml. 
1% hydrazine sulphate is added, shaken, and left 
for five minutes. To each is added 1 ml. 10% 
potassium ferricyanide and 4 ml. water. The test 
tubes were left to stand for 15 minutes to allow the 
colour to develop. The colour is then measured 
in the Spekker- photoelectric absorptiometer, using 
1 cm. cell and the Spekker red filter OR2, (We have 
found it convenient to set the Spekker drum at 0.200 
using the blank in the solvent cell. The instrument is 
~ then adjusted until there is no deflexion in the 
galvanometer, and is ready for taking a series of 
readings. The unknown solution is placed in the other 
cell, and the drum rotated until there is no deflexion. 
The reading will be less than 0.200. It has been found 
that' this method saves considerable time when there 
are a number of estimations.) 

To draw up a reference curve for the Spekker 
absorptiometer, we took tubes containing 0, 2.5, 5.0, 
7.5, .10.0 /i g. iron in 4 ml. water, added 1 ml. 1% 
hydrazine sulphate, 1 ml. 10% potassium ferricyanide, 
and 4 ml. water. The reference curve is read in the 
Spekker absorptiometer after 15 minutes. 

Results 

Recoveries of inorganic iron added to serum 
were shown to be quantitative, and from the figures 
shown on Table I will be seen to compare favour- 
ably with those obtained by existing methods. 

A number of iron determinations were carried 
■out on serum from patients with different clinical 
conditions, and the results are shown to lie between 
the usual limits of 100 and 200 Mg. per 100 ml. 
(Table II). 

X* 
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Table I 

Recovery of Inorganic Iron added to Serum 


No. 

Initial 
Iron 
Content 
0‘g- Fe) 

Iron 
Added 
(/ig. Fe) 

Total 

Iron 

Deter- 

mination 

frg-Fe)- 

Iron 

Recovered 
Og- Fe) j 

Recov- 

ery 

(%) 

1 

1.22 

2.50 

3.75 

2.53 

1 101.2 

2 ; 

1.50 

4.00 

5.35 

3.85 

r 96.25 

3 

1.65 

: 2.50 

4.14 

1 2.49 

! 99.6 

4 

1.83 

! 2.50 

4.23 

1 2.40 

i 96.0 

5 

2.10 

: 5.00 

6.90 

4.80 

96.0 

6 

1.79 

! 2.50 

4.30 

2.52 

. 100.4 

7 

1.74 

5.00 

: 6.48 

4.74 

94.8 

8 

1.12 

2.50 

1 3.53 

2.41 

96.4 

9 

2.80 

5.00 

1 7.50 

4.70 

94.0 
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Table II 

The Iron Content of Human Serum 


i 

No. 

' 

Clinical Condition 

| 

j Serum Iron 

I (pg* Fe/100 ml.) 

1 

Infective hepatitis 

140 

2 

Epistaxis 

90 

3 

Sciatica 

125 

4 

Tabes dorsalis 

175 

5 

Obstructive jaundice 

85 

6 

Hepatic cirrhosis 

115 

7 

Hepatitis 

165 

8 

Duodenal ulcer 

I 170 

9 j 

Splenic anaemia 

I 80 

10 

Pernicious anaemia 

125 

11 

Pernicious anaemia 

j 430 

12 

Pernicious anaemia 

! 430 

13 

Haemolytic anaemia 

115 

14 

Lead poisoning 

225 

15 

Lead poisoning 

t 160 

16 

Lead poisoning 

145 

17- 

Lead poisoning 

190 

18 

1 Lead poisoning j 

190 

19 

j Lead poisoning 

125 

20 

I Lead poisoning ! 

240 

21 

Lead poisoning \ 

205 


Summary 

A method for the determination of serum iron 
is described. The advantages of the method lie 
in the facts that only readily available chemicals 
are required, there is very little interference by 
other substances, and the colour, which is reason- 
ably stable, develops rapidly. 

Reference 

Barkan and Walker (1 9-*0). J . blol . Ck ' m ., 135, 37. 
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This section of the Journal is published in collaboration with the two abstracting journals , 
Abstracts of World Medicine , and Abstracts of World Surgery, Obstetrics and Gynaecology , published 
by the British Medical Association . In this Journal some of the more important articles on subjects 
of interest to clinical pathologists are selected for abstract , and these are classified into four sections * 
bacteriology ; biochemistry ; haematology ; and morbid anatomy and histology . 


BACTERIOLOGY 

Antibody Formation in Early Infancy Against Diphtheria 
and Tetanus Toxoids. Cooke, J. V. (1948). J. Pediat 
33, 141. 

The hypothesis that production of antibodies in new- 
born infants is relatively inefficient has been re-examined 
in the light of the desirability of early immunization 
against whooping cough, concomitant immunization 
against diphtheria, and the known satisfactory response 
in infancy to smallpox immunization. 

A group of children aged from 1 month to 14 months, 
of whom the majority were under 6 months of age, was 
treated by subcutaneous injection of combined diphtheria 
and tetanus toxoid after a previous titration for anti- 
bodies. A second injection was given 2 months later 
and after a further month a blood sample was re-titrated. 
Results of titrations are given. 

It appears that even small amounts of antibodies may 
prevent immunity being produced. The percentage of 
passively immune children in the early months of life 
revealed in this study was lower than that reported by 
previous workers. This appears to be due to the 
diminished prevalence of diphtheria, and number of 
Schick-negative adults. It may be concluded that at the 
present time in the United States one*:third to one-half of 
all infants will be passively immune in the early months 
of life. It would therefore appear advisable to defer 
diphtheria immunization until after the sixth month. 
Since, however, evidence ot antibody production appears 
to be satisfactory, even in the newborn, and in view of 
the high mortality rate of pertussis in the first months, it 
is advisable that pertussis vaccination be carried out in 
’ the sixth, ninth, and twelfth weeks and diphtheria (and, 
if desired, tetanus) toxoid be given in the seventh and 
ninth months. G. T. L. Archer. 

The Use of Combined Antigens in the Immunization of 
Infants. Fleming, D. S., Greenberg, L., and Beith, 
E. M. (1948). Canad. med. Ass . 59, 101. 

Some 200 children (average age about 4 months) were 
divided into groups and immunized with diphtheria 
toxoid, diphtheria toxoid and pertussis prophylactic, or 
with diphtheria toxoid plus pertussis prophylactic plus 
tetanus toxoid. Two doses of material were given at 
intervals of 3 weeks, and the immunity response was 
estimated 3 weeks after the second injection: to diph- 
theria prophylactic by estimation of serum antitoxin 
by rabbit skin testing; to Haemophilus pertussis by slide 
or tube agglutination tests with serum; and to tetanus 
by serum antitoxin tests in guinea-pigs. Before immuni- 
zation no child possessed agglutinins against H. pertussis ; 
33% had at least 0.004 unit diphtheria antitoxin; 6% 
had tetanus antitoxin. The results below are based on 
those children without detectable antitoxin. 

The response to diphtheria toxoid is considerably 
increased when it is given in combination with pertussis 


prophylactic and tetanus toxoid. The response to 
pertussis prophylactics is substantially unaltered by 
addition of other prophylactics. The presence of 
tetanus toxoid in the mixtures led to the production of ah 
average of 0.021 unit tetanus antitoxin (1 ml. prophylactic 
mixture given). Reactions were not increased in severity 
by combination of prophylactics. On these grounds it is 
claimed that combined prophylactics are effective and 
desirable. C.L. Oakley . 

Penicillin in Diphtheria. Report of a Sub-committee of 
the Public Health Laboratory Service, Cruickshank, 
R., Gillespie, E. H*, Goldie, W., Harris, H. J., 
Jebb, W. H. H., King, G. J. G., Martin, P. H., 
Parker, M. T., and MacDonald, A. (1948). Lancet , 
2, 517. 

The penicillin sensitivity of 284 strains of Coryne- 
bactcrium diphtheriae , isolated in different parts of 
Britain, was tested (technical details given), and an 
attempt was also made to find out whether penicillin 
treatment shortened the time of carriage of the organism 
in acute cases of faucial diphtheria or aided its elimin- 
ation from persistent throat carriers. The clinical effect 
of penicillin on diphtheria was not considered. 

The results showed that gravis strains of C. diphtheriae 
are rather more resistant than intermedius strains, and 
intermedius strains more so than mitis strains. Most of 
the strains tested required two or three times as much 
penicillin for in vitro inhibition as did the standard strain 
of staphylococcus, which was inhibited by 0.1 unit of 
penicillin per ml. of medium. ^ s 

In treating acute cases of diphtheria antitoxin was 
used as well as the following doses of penicillin : adults 
and children over 10 years, 60,000 units 4-hourIy during 
the day only (240,000 units daily) ; children 540 10 
years old, two-thirds of the above ; children under 5 
years, one-third of the above. Of 65 cases thus treated, 
26 of* 37 receiving a three-day course and 23 of 28 
receiving a six-day course became free from the infecting 
organism within 4 days of. the end of treatment. This 
compared favourably with previous rates of clearance 
published for cases treated with antitoxin only, and also 
with results in a small control group of 22 cases, noted 
by the present authors, in which only 3 had the first of 
a series of consecutively negative swabs within a fort- 
night of admission to hospital. 

The authors consider that it may be easier to prevent 
the appearance of a convalescent carrier than’ to cure 
the established carrier condition, and they advocate that 
penicillin therapy should be begun as early in the disease 
as possible. 

The Effect of Wetting Agents on the Growth of Tubercle 
Bacilli. Dubos, R. J., and Middlebrook, G. (1948). 

/. exp . Med., 88, 81. 

It has been shown that it is possible to obtain finely 
dispersed growth of tubercle bacilli by adding to the 
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medium certain non-ionic welling agents. “ Tween 80/' 
a polyoxyethylene ester of sorbitan mono-oleatc, has 
been most extensively used for this purpose. 

A defect of uveen SO and of some other kindred 
substancesris the fact that they are liable to enzymatic 
hydrolysis by lipases, which prohibits their use in media 
containing animal tissues, or fluids rich in these enzymes. 
This paper describes the study of another type of wetting 
agent — an arylalkyl polyether of phenol, known as 
triton A 20 ’’ — which appears resistant to the known 
enzymes of animal tissues. This was demonstrated by 
growing strains of Mycobacterium tuberculosis , virulent 
and avirulent, in a basal synthetic medium containing 
serum, to which tween 80 and triton A 20 were added. 
Tween SO lost its ability to disperse cultures in such 
media; triton A 20 did not. 

Other differences were found between the actions of 
the two substances. Tween 80 increases yield of growth 
probably by supplying oleic acid to the bacilli. Triton 
A 20 does not, although it was found that growth can be 
enhanced in its presence when long-chain fatty acids or 
sphingomyelin are added to the medium. In concentra- 
tion sufficient to cause dispersed growth, tween 80 
(purified by removal of unesterified fatty acid) was 
innocuous to both virulent and avirulent strains. Triton 
A 20, while not affecting virulent strains, in similar 
concentration showed a marked toxic effect on the 
avirulent variants tested. Triton A 20 does not produce 
such a finely dispersed growth, in the case of virulent 
strains, as does tween 80. This, according to the authors, 
is due to a peculiarity of the morphology of virulent 
strains, which produce, in addition to amorphous 
bacillary clumps, an end-to-end growth of bacilli resulting 
in serpentine strands. This formation of long bacillary 
strands is suppressed by tween 80, but not by triton 
A 20. T. D, M. Martin. , 

Clinical Experiences with Tb 698 Treatment in Pulmonary' 
Tuberculosis. (Kliniska erfarenheter vid behandlingerj 
av lungtuberkulos med Tb 698.) Kuhlmann, F, 
(1948). AW. Med., 39, 1325. 

This article is a report of the author’s experiences in 
treating 66 cases, mostly of very advanced pulmonary' 
tuberculosis, with the new drug “ Tb 1 /698/E ” (a mix- 
ture of equal parts of sulpha thiazole and a semicarba- 
zone). In this small hospital the usual mortality rate was 
1 to • 8% per month. Patients were chosen in whom the 
condition was deteriorating and was almost certain to 
continue to do so. Any improvement was attributed to 
the drug, the condition being assessed on the weight, 
erythrocyte sedimentation rate, and results of clinical, 
radiological, and sputum examinations. The drug was 
' *5 doses of 250 mg. a day for 8 days and then twice 

a day for 7 weeks; after a month’s rest the course was 
repeated. No serious complications occurred, hut 
gastro-mtestmal upsets were common at the beginning 
ot the course and diabetics were found to need much 
more insulin. Normal patients had rather low blood- 
^Sar kwels. The results of treatment were encouraging 
and the hospital’s mortality rate fell to 1 to 2% per 
a ^ c 35 ® 5 not considered severe the majority 
unproved. In 34 of 49 severe cases the condition im- 
proved and only in' 4 did it deteriorate further; 29 
patients put on weight; the sedimentation rate fell in 39 
Vto normal in 4 cases), but rose again in 35. There was 
an increase in the lymphocyte count in 37 and an eosino- 
phiha °f over 4% in 25. Sputum generally became less 
and changed from positive to negative in 17 cases; the 


reverse happened in 2 cases. In only 8 patients w*as there 
any radiological improvement, but many of those with 
laryngitis were much improved. 

Clinical and Epidemiological Significance of Scarcity of 
Tubercle Bacilli in Sputum, Berun, I. I., Bergman, 
S. M., Ioselevich, V. S., Rozanova, M. D., 
Meleshkevich, M. P., Sabshina, E. Y., and Nilova, 
E. M. (1948). Probl Tuberk., 3, 19. 

Clinical observations, extending over a period of many 
years, on in-patients and out-patients showed that the 
finding of a few tubercle bacilli in the stomach washings 
or the sputum (especially on examination by the flotation 
method) is of great significance in making a correct 
differential diagnosis or ascertaining the presence of con- 
comitant tuberculosis in a primary non-specific pulmon- 
ary' condition. The history and other relevant data in 
108 carefully selected cases (out of 200), under observa- 
tion for a long time, are presented and tabulated. The 
evidence showed that examination of stomach washings 
by the flotation method is of the utmost importance in 
early diagnosis of exacerbations of a tuberculous process. 
The relation between the radiological picture and allergic 
reaction on the one hand and scarcity of Mycobacterium 
tuberculosis in the sputum and stomach washings on the 
other is discussed in detail. H. P. Fox . 

Determination of Streptomycin Sensitivity of Tubercle' 
Bacilli by Use of Egg-yolk Agar Medium. Karlson, 
A. G., and Needham, G. M. (1948). Proc. Mavo Clin., 
23, 401. 

Preparation of Herrold’s medium is first described in 
detail. Briefly, nutrient agar containing 2% of glycerin 
is first put up in 120-ml. lots. When the medium is to 
be prepared the glycerin agar is melted and cooled, and 
to each Jot is added the requisite amount of streptomycin 
in 1 ml. of distilled water. Immediately after the strepto- 
mycin has been added the yolk of a fresh egg is poured 
directly into each lot, the bottle inverted several times to 
mix, and the mixture poured into tubes and slanted. 
Streptomycin concentrations used by the authors were 
1, 10, 50, and 100 gg. per ml. of medium. 

As regards the bacterial inoculum in the sensitivity 
test, the authors state that tests may be done by in- 
oculating sputum or other material on the medium with- _ 
out making a preliminary isolation, provided that the 
specimen is heavily laden with tubercle bacilli and the 
bacilli are uniformly distributed in it. They add, how- 
ever, that in their experience most specimens have too 
few tubercle bacilli to permit the direct test, and this is 
especially true of specimens from streptomycin- treated 
patients. In most cases, therefore, a preliminary isolation 
has to be made, and sensitivity tests must be done on 
pure cultures. Several methods are suggested. The 
technique is given. 

The test is usually read after 14 days’ incubation, and 
experiments show that the streptomycin in the medium 
remains stable throughout this time. Of 149 cultures 
from patients who had received no streptomycin, all 
were resistant to only 1 *ig. or less of streptomycin per 
ml. of medium. It was found that 245 strains of tubercle 
bacilli from clinical material had the same sensitivity to 
streptomycin on the egg-yolk agar as in Proskauer and 
Beck’s liquid medium. Among advantages claimed by 
the authors for the method are : ease of preparation of 
the medium ; greater ease in reading differences of 
growth in a solid medium ; the fact that cultures. 
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particularly those which have been stored for a long 
time, which fail to grow in a liquid medium may grow 
on the egg-yolk agar ; individual colonies may be 
selected from solid medium for further study. 

Enhancement of Growth of a Strain of M* tuberculosis 
(van homittts) by Streptomycin. Spendlove, G. A., 
Cummings, M. M., Fackler, W. B., and Michael, 
M. (1948). Publ. Hlth . Rep., Wash., 63, 1117. 

During the routine testing of a strain of Mycobacterium 
tuberculosis derived from the sputum of a patient with 
pulmonary tuberculosis who had been receiving strepto- 
mycin for 96 days, it was noted that growth was poor in 
the control tube while it was abundant in all tubes con- 
taining streptomycin in concentrations of 1, 5, 10, 100, 
and 1,000 pg. per ml. The phenomenon was noted in 
DuboS liquid medium and on Loewenstein-Jensen 
medium. After the second transfer of this strain on 
Dubos medium with graded amounts of streptomycin, 
the authors were successful in reduplicating their findings 
in 5 of 7 trials. The cause of the discrepancy is not 
understood, but two possibilities arc suggested : (a) the 
culture is a mixture of strains, or ( b ) unknown variables 
such as differences in lots of culture media and strepto- 
mycin may have altered the finding. They conclude that 
this strain shows partial dependence on streptomycin 
for growth, and have isolated a second strain from the 
same patient, three months after conclusion of strepto- 
mycin treatment, which showed the same characteristic. 
Streptomycin-sensitivity of a culture isolated from this 
patient before streptomycin therapy was begun was not 
tested. T. D. M. Martin. 

Stomatitis due to Streptomycin. Report of Three Cases. 
Beham, H., and Perr, H. (1948). J. Amcr. mcd. Ass., 
138, 495. 

Three cases are reported of patients suffering from 
tuberculosis who during treatment with streptomycin 
developed painful stomatitis which disappeared when 
the treatment was stopped. Two of the patients had 
pulmonary tuberculosis; in the third the disease led even- 
tually to acid-fast infection of the lungs. Streptomycin 
was given in doses of cither 1 or 2 g. daily, and in each 
ease the stomatitis developed 4, 5, and 12 weeks respec- 
tively after the treatment was started. The clinical 
picture in the 3 eases was a painful erosive membranous 
stomatitis which involved the whole mucous membrane 
of the mouth as well as the under surface of the tongue. 
Treatment did not prevent the vesicles from eroding, but 
as soon aS" streptomycin was stopped an improvement 
took place, and the lesions disappeared within a fortnight. 
When treatment was started again a similar rash broke 
out. There were no other toxic reactions. 

Results of Streptomycin Treatment of 19 Patients with 
H. influenzae Meningitis ; Comparison with Earlier 
Results. (Uitkomsten van destrcptomycinebehandeling 
bij 19 lijdcrs aan influenza-meningitis, vergeleken met 
vrocgcrc uitkomsten.) Bruins Slot, W. J., Hulst, 
L, A., and Stenvers, H. W. (1948), Ned. Tijdschr. 
Genecsk 92, 2973. 

A comparison is made of the results of treatment by 
different (Netherlands) physicians of two groups of 
eases of H. influenzae meningitis, one (32 patients, 
including 21 under 2 years of age) with drugs other than 
streptomycin, and the other (19 patients, comprising 17 
children under 2 years, a child of 4, and one adult) 
receiving streptomycin with or without other drugs. Of 


the first group 4 recovered and of the second group 14. 
Of the fatal cases in the second group 2 ran a fulminating 
course with death within 3 days ; in one ease necropsy 
revealed a subdural abscess ; one patient had been ill 
for 27 days before treatment started, and the fifth 
bacteriological examination showed a Listeria to be 
present as well, ^ Kraaijenbrink {Excerpt a Medico). 

Serologic Findings in Patients with Primary Atypical 

Pneumonia. Morgan, H. R., and Finland, M. (1948). 

Amer. J. din. Path., 18, 593. 

The sera from 89 patients with clinical and radio- 
logical appearances characteristic of primary^ atypical 
pneumonia were investigated. At least 2 serial speci- 
mens were tested in each ease. Cold hacmagglutination 
tests were considered positive when titres greater than 
1 in 20 were obtained, and streptococcus MG agglutinin 
titres were considered significant when greater than 
l in 10. Complement-fixation tests for psittacosis and 
for meningo-pneumonitis were also carded out, a four- 
fold rise in titre or a titre of l in 16 with a subsequent 
rise being taken as diagnostic. 

The results showed that about 80% of the patients 
developed cold hacmagglutinins and agglutinins for the 
MG streptococcus. Only 4 out of 79 patients showed 
significant titres with psittacosis and mcningo-pncu- 
monitis antigens. Of these 4 patients, the sera of 3 were 
tested for cold agglutinins ; only 1 was positive. Five 
patients with erythema multiformc associated with 
atypical pneumonia, all had positive cold agglutinin 
tests, while in 2 of them there was also scrolog'ca! 
evidence of infection with psittacosis virus. A history of 
recent close contact with birds was obtained in 10 of the 
patients with atypical pneumonia, though none of these 
had unequivocal evidence of infection with psittacosis 
virus. No evidence of Q fever was found in the case of 
25 patients whose sera were tested for the appropriate 
antibodies. R. B. Lucas. 

Disinfection of Tuberculous Sputum anil Linen with 

Activated Chloramine Solutions. Arkhipova, O. P. 

(1948). Probl. Tuberk., 2, 50. 

Experiments on disinfection were made with pure 
cultures of Mycobacterium tuberculosis and with infected 
sputum and linen. The bactericidal power of aqueous 
solutions of chloramine was enhanced by adding to them 
an equal amount by weight of ammonium chloride , 
sulphate, or nitrate. Pure cultures of Myco. tuberculosis 
were killed in the activated 0.05% and 0.1 % solutions of 
chloramine in 2 hours and 1 hour respectively ; in the 
non-activated 1 % solution the organisms survived for 
over 2 hours. The following Solutions wore suitable for 
effective disinfection of the collective samples of tuborj 
culous sputum : a 2% solution of chloramine with 2/ 0 
of activator (exposure for 4 hours in the ratio 2 parts 
of the solution to 1 part of the sputum) and 2.5% oi 
activated chloramine (exposure for 2 hours in the same 
ratio). The activated solutions rapidly and fully homo- 
genized the sputum, thus facilitating disinfection ana 
subsequent washing of the containers. Under practical 
conditions, steeping for 1 hour in a 1 % activated solution 
of chloramine, at 18 to 20° C. with 5 litres of the solution 
per kg. of infected linen, ensured its complete disintecuon. 
Under the same conditions, a complete disinfection or 
linen was effected with a 3 % non-activatcd solution in 
3 to 4 hours ; it is recommended that handkcrcnicis 
should be treated separately, the time of exposure being 
double that of the infected linen. H* ,#ax * 
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BIO CHEMISTRY 

Clinical Intoxication with Potassium: Its Occurrence in 

Severe Renal Insufficiency. Keith, N. M., and 

Burchell, H. B. (1949). Amer. J. med. Sci., 217, 1. 

Thirteen fatal cases of hyperpotassaemia occurring 
during serious renal insufficiency were investigated by 
the authors. The potassium level in serum varied 
between 7.7 and 10.5 milliequivalents per litre and the 
condition was associated with diagnostic electrocardio- 
graphic changes but not with any typical clinical signs. 
A concomitant rise in blood urea and blood creatinine 
was present in all cases. The authors attribute the 
infrequent occurrence of potassium intoxication in their 
cases of uraemia to the treatment of these patients with 
large intravenous infusions containing glucose and whole 
blood. Other changes in serum electrolytes and in pH 
make the evaluation of the toxic effects difficult in these 
patients. Electrocardiographic findings are diagnostic 
and include T waves with a high peak and a narrow base, 
increased intraventricular conduction time, loss of P 
waves, gross intraventricular conduction defects simu- 
lating right bundle-branch block, and eventually cardiac 
arrest. These changes are not constantly related to 
serum potassium levels and may return to normal after 
an injection of calcium, as demonstrated in two patients. 
In one case electrocardiographic changes started when 
the serum potassium level was relatively low (7.7 mEq.) 
and progressed without further rise in potassium level. 
The electrocardiographic records of six of the patients 
are discussed in detail. The authors emphasize the danger 
of giving potassium salts to patients with severe renal 
disease. 


Electrocardiographic Manifestations of Potassium Intoxi- 
cation. Stewart, H. J., Shepard, E. M., and Horger, 

E. L. (1948). Amer. J. Med ., 5, 821. 

Details are given of 2 cases in which auricular standstill 
and widespread intraventricular block were associated 
with marked rises in the serum potassium level. The 
first was in a man, aged 72, who was admitted to hospital 
because of bronchopneumonia and diarrhoea. To 
alkalinize the urine he was given 4 g. of potassium 
bicarbonate three times a day. Two days later, after he 
had had 20 g. of potassium bicarbonate, the pulse rate 
was 42 per minute, the pulse totally irregular, and the 
blood pressure 80/48 mm. Hg. An electrocardiogram 
showed auricular standstill with the pacemaker arising 
irregularly from a focus in the right ventricle; QRS was 
0.15 second. The serum potassium level was 10.3 mEq. 
per litre., and the serum sodium level 128 mEq. per litre. 
The potassium bicarbonate was immediately withdrawn, 
and the next day the pulse was 90 per minute and regular, 
and the blood pressure 118/60 mm. Hg; the electro- 
cardiogram had returned to its original configuration, 
and the serum potassium level was 5.9 mEq. per litre. 
The patient subsequently made an uneventful recovery. 
The second case w'as in a male child aged 3£ years, in the 
nephrotic stage of subacute glomerulonephritis com- 
plicated by a respiratory infection. The serum potassium 
wiis 10.6 mEq. per litre and again the electrocardiogram 
showed auricular standstill with the pacemaker arising 
irregularly from a focus in the right ventricle. It is 
pointed out that some of the new salt substitutes used in 
the treatment of cardiac oedema contain relatively large 
amounts of potassium and should not be used if there 


is any evidence of renal failure. For the treatment of 
potassium intoxication, prompt intravenous administra- 
tion of physiological saline and hypertonic glucose is 
recommended. 

Relation of Abnormalities in Concentration of Seram 
Potassium to Electrocardiographic Disturbances. 
Tarail, R. (1948). Amer . /. Med., 5, 828. 

This is a study of the electrocardiographic changes and 
serum potassium concentrations in 19 patients with severe 
renal insufficiency and in 5 patients with low' serum 
potassium levels and normal renal function. In 4 of the 
patients with impaired renal function there w*ere abnorm- 
ally high serum potassium levels, and in all these electro- 
cardiographic changes w ere found which were not present 
in the remaining cases. These changes consisted of 
peaked T waves and increase in duration of QRS. There 
was also prolongation of the P-R interval. The peaked 
T wave was not necessarily abnormally high. No 
electrocardiographic changes were found with a serum 
potassium level below 6.8 mEq. per litre; they were 
sometimes present with values between 6.8 and 7.6 mEq. 
per litre, and always present when the serum potassium 
level was above 7.8 mEq. per litre. In the patients with 
low serum potassium concentrations the main electro- 
cardiographic changes ware low amplitude of T and 
prolongation of the Q-T interval. 

HAEMATOLOGY 

Aminopterin (A Folic Acid Antagonist) in the Treatment 
of Leukemia. Meyer, L. M-, Fink, H,, Sawttsky, A., 
Rowen, M., and Rrrz, N. D. (1949). Amer. J. din . 
Path., 19,119. 

In this paper are described the effects of treatment 
with aminopterin of 43 patients with leukaemia. In only 
four patients (all children with acute leukaemia) was 
there a definite but temporary improvement in the blood 
picture. In 14 patients moderate or severe Ieucopenia 
developed, associated with bone marrow hypoplasia. 
The authors emphasize the toxicity of aminopterin and 
its unpredictability. The whole Yeport is not encouraging. 

'Use of a Folic Acid Antagonist in Chronic Leukemia. 
Berman, L., Axelrod, A. R., Vonder Heide, E. C., 
and Sharp, E. A. (1949). Amer . J. din. Path-, 19, 127. 

Nine patients with chronic leukaemia (five of the 
myeloid and four of the lymphatic type) w T ere treated 
with aminopterin, the maximum overall dose being 
132 mg. No benefit resulted although the doses w T ere 
sufficiently large to produce toxic effects. 

The Use of Folic Acid Antagonists in the Treatment of 
Acute and Subacute Leukemia. A Preliminary State- 
ment. Dameshek, W. (1949). Blood, 4, 168. * 

The results are given of treatment with aminopterin 
and related compounds of 35 patients with acute or 
subacute leukaemia (31 adults). It is considered neces- 
sary to give doses laqge enough to cause general toxic 
effects. When remissions have occurred attempts have 
been made to continue treatment by smaller maintenance 
doses given orally. Amethopterin, ammo-an-fol, and 
a-ninopterin are less toxic drugs, but less active thera- 
peutically. A-ninopterin may, however, be slightly less 
toxic in effective doses than is aminopterin. Remissions 
occurred in nine of the 35 patients. 
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Some Observations on the Effect of Folic Acid Antagonists 
on Acute Leukemia and Other Forms of Incurable 
Cancer. Farber, S. (1949). Blood, 4, 160. 

In this important paper are summarized the results of 
the treatment of children with acute leukaemia by means 
of aminopterin and related compounds (amethopterin 
and amino-an-fol). Of 60 children, rather more than 
50% showed temporary clinical and haematological 
improvement. Two children were still alive 23 and 16 
months after the onset of the disease. 

Sickle Cell Disease ; Studied by Measuring the Survival 
of Transfused Red Blood Cells. Callender, S. T. E., 
Nickel, J. F., Moore, C. V., and Powell, E. O. 
(1949). /. Lab. clin. Med., 34, 90. 

This work demonstrates that the increased haemolysis 
in sickle cell disease is a result of the presence of abnormal 
erythrocytes. Normal corpuscles survive normally after 
transfusion into patients with sickle cell disease, but 
sickle cells transfused into normal subjects are destroyed 
relatively rapidly. The survival of blood exhibiting the 
sickle cell trait was normal in four cases and only slightly 
reduced in the fifth. 

A Rapid Diagnostic Test for Sickle Cell Anemia. Itano, 
H. A., and Pauling, L. (1949). Blood , 4, 66. 

Sickling of erythrocytes is dependent upon a reduction 
in oxygen tension. The authors recommend that a 
reducing agent, sodium dithionite, be added to blood 'in 
order to bring this about. Sickling takes place- within a 
few seconds in positive cases. 

Chemical, Clinical, and Immunological Studies on the 
Products of Human Plasma Fractionation. XXXVIII. 
Serum Iron Transport. Measurement of Iron-binding 
Capacity of Scrum in Man. Rath, C. E., and Finch, 
C. A. (1949). J. clin. Invest., 28, 79. 

In cases of iron deficiency the serum iron level was 
found to be low, but the total iron-binding capacity was 
above normal; saturation was below 10%. In cases of 
chronic infection both the serum iron and total iron- 
binding capacity were reduced and the saturation was 
above 10%. The results in pregnancy and in other 
anaemias and the effects of injections of human globulin 
are also discussed. 

Chemical, Clinical, and Immunological Studies on the 
Products of Human Plasma Fractionation. XXXIX. 
The Anemia of Infection. Studies on the Iron-binding 
Capacity of Scrum. Cartwright, G. E., and Win- 
trobe, M. M. (1949). J. clin. Invest ., 28, 86. 

The total iron-binding capacity of serum is the sum of 
the serum iron content and the “ unsaturated iron- 
binding capacity.” The “ percentage saturation ” is 
calculated by dividing the observed serum iron content 
by the total iron-binding capacity. In patients with 
chronic infections the serum iron and total iron-binding 
capacity were found to be reduced and the percentage 
saturation lowered. The values rose in patients recover- 
ing from infections. - 

In two patients intravenous injection of metal-combin- 
ing globulin raised the total iron-binding capacity to 
normal but did not diminish the rate of disappearance of 
iron from the serum. Experimental work in dogs is also 
referred to. 


Haemolytic Disease of the Newborn : Criteria of Severity. 

Mollison, P, L., and Cutbush, M. (1949). Brit. mcd. 

. J., 1 , 123. 

This paper contains much valuable factual information, 
and is based upon a study of 74 cases, mostly treated by 
exchange transfusion. Five infants were bom dead and 
19 died later. The haemoglobin level of the cord blood 
was found to be of prognostic significance; no infant 
with a value of 14 g.% or over died. Taken in conjunc- 
tion with the haemoglobin level the bilirubin content of 
the cord plasma also afforded some indication of the 
severity of the disease. The strength of the direct 
Coombs reaction performed on the infant’s corpuscles 
and the amount of free antibody in the infant’s serum 
were, however, not found to be reliable criteria of 
severity. 

MORBID ANATOMY AND HISTOLOGY 

Structure of the Glomerulus of the Human Kidney. 

McManus, J. F. A. (1948). Amer. J. Path:, 24, 1259. 

The basement membrane of normal and diseased 
human glomeruli, stained by the periodic acid-Schiff 
technique previously described by the author, was 
studied. It encloses the capillary loops, and certain 
infrequent stromal cells which lie in the intercapillary 
or axial space. This axial space is prominent in diabetes 
mellitus, contains inflammatory cells in acute nephritis, 
shows vacuolation and reticulation in eclampsia, and lipid 
accumulation in “ lipoid nephrosis.” Charles Pike. 

Early Changes in” the Human Brain After Arterial Air 

Embolism, (liber die ersten Veriinderungcn dcs 

menschlichcn Gehims nach artorieller Luftembolie.) 

Roessle, R, (1948). Virchows Arch., 315, 461. 

The author describes several cases of air embolism, in 
which the patients survived for periods varying from 
several hours to several days. He describes in detail the 
histological findings in the cerebral vessels (dilatation of 
capillaries and penetration of air into perivascular 
spaces) as well as the changes seen in the cerebral tissue 
around the vessels involved (penetration of air into glia 
and pericellular spaces of ganglion cells, infarct-like and 
necrobiotic areas of cerebral matter, haemorrhages). 
He compares the lesions with those seen in experimental . 
air embolism, and states that cases of definite air embo- 
lism with survival in which scarring might be expected as 
a result of haemorrhages and necrosis have not been 
reported. . . R . Schade . 

Significance of AgonaF Changes in the Human Liver. 

Popper, H. (1948). Arch. Path., 46, 132. 

' The : material for this study of the agonal changes in 
the liver at Cook County Hospital and the North Western 
University Medical , School, Chicago, consisted of: 
(1) 226 needle biopsy specimens from 156 cases and 10S 
specimens obtained by surgical excision at laparotomy, 

- some of which - were fairly normal. (2) Biopsy and 
necropsy material available from the same patient in 38 
cases. In 4' of these the interval after death was Jess 
than 48 hours. - (3) Necropsy material from 351 males 
in the armed Forces all under 45 years and all of whom 
had died by accident or illness within 24 hours: (ay. 
cases of instantaneous death; - (b) 255 cases in which 
death had occurred within 24 hours. The material was 
fixed in a variety' of -fluids, mainly Camoy solution. 
Paraffin sections were used. 
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Cytoplasmic changes due to the absence of glycogen 
were seen in necropsy material. Dissociation of the liver 
cell cords with isolation of individual liver cells may be 
the result of agonal or necropsy change, and so regurgita- 
tion jaundice cannot be explained by communication 
between the bile capillaries and the perisinusoidal spaces, 
which result from this dissociation. In life the peri- 
sinusoidal spaces are almost completely obliterated, but 
in the agonal period these spaces open up revealing 
reticulin connecting the walls of the sinusoids with the 
parenchyma cells. Consequently in cases of instan- 
taneous death, these perisinusoidal spaces usually remain 
closed. This- point was confirmed by animal experi- 
ments and might be of medico-legal significance. 

Peter Harvey . 

Pulmonary’ Alveolar Lining in Bronchiectasis. Watts, 
C. F., and McDonald, J. R. (1948). Arch . Path., 45, 
742. 

From each of 50 lungs removed surgically for bron- 
chiectasis an average of three blocks w*as examined 
histologically — a small dilated bronchus, a portion of 
subpleural lung parenchyma, and, where possible, a 
uniformly atelectatic area. In the sections tw'O relatively 
distinct types of alveolar cell lining were found: (a) 
square-cuboidal, or columnar, cells with dark-staining 
nuclei and acidophilic cytoplasm, n on-phagocytic and 
packed in an uninterrupted layer; when found (17 cases) 
this type of epithelium was invariably in the peri- 
bronchial parenchyma, and in four instances continuity 
with bronchial epithelium was traceable (however, use 
wns not made in this study of serial sections); (6) 
rounded-cub oi dal, paler cells with vacuolated cytoplasm, 
often phagocytic and frequently scattered or in isolation. 
This second type of cell lining was found in subpleural 
parenchyma, in thickened interalveolar septa, and in the 
neighbourhood of scars, that is, distal to the terminal 
bronchi, in 43 of the cases. IV. S. Killpack. 

Nitrogen-mustard Therapy for Hodgkin’s Disease, Lym- 
phosarcoma, the Leukemias, and Other Disorders. 
Wintrobe, M. M., and Huguley, C. M. (1948). 
Cancer, 1, 357. 

The results of the treatment of 32 patients with 
Hodgkin’s disease w ere good in 17, but poor in 10. Only 
3 of 1 1 patients with lymphosarcoma responded well and 
all 5 patients with reticulum-cell sarcoma died. Seven 
out of 1 1 patients with chronic myeloid leukaemia and 
5 out of 14 patients with chronic lymphatic leukaemia 
responded well. 

Leukopenia occurred in 51% of the patients, the 
earliest sign being a fall in the lymphocyte count during 
the first week. 

It is concluded that nitrogen mustard therapy is most 
- useful in Hodgkin’s disease with generalized involvement 
and constitutional symptoms, but tfiat nitrogen mustard 
usually fails in cases which have become refractory to 
.x-ray therapy. - E. Neumark. 

Basalioma of the Rectum. (Das Basaliom des Rectums.) 
Stelzner, F. (1948). Arch. klin. Chir „ 261, 87. 

The author describes 2 cases of relatively benign 
tumours with a structure similar to that of basal-cell 
carcinomata of the skin. In 1 case, that of a man of 64, 
there was a circumscribed nodular mass 2.5 cm. in 
diameter in the wall of the anal canal. In the other, a 
woman of 45, there was a large encircling growth causing 


stenosis of the canal and lower part of the rectum, with 
.nodular extensions beneath the perianal skin. (The 
author refers to the paper on the same subject by Law- 
rence and Knowles, Arch. Surg., Chicago , 1941, 43, 88.) 

R. A. milis. 

Solid Teratoma of the Ovary? with Report of Fire Cases. 
Novak, E. R. (1948). Amer. J. Obstet. Gynec., 56, 303. 

The clinical and pathological data are given of 4 cases 
in which there was a solid teratoma of the ovaiy which 
was malignant; the cases ended fatally. In a fifth case 
there wns a dermoid cyst containing a large solid area 
which was benign. It is proposed that the terminology' 
should be simplified as follow’s : (a) solid teratoma, 
which is considered to be malignant by definition, and {b) 
simple dermoid cyst. Dermoids may have a malignant 
phase. v * Magnus Haines. 

The Organization of the Malignant Cell. I. Protoplasmic 
Disorganization in Tumour Cells. II. Relation of 
Some Physical, Morphological, and Biochemical Charac- 
teristics of Tumour Cells to the Disorganization of 
Protoplasm. Powell, A. K. (1948). /. R. micr. Soc 
66, 35. 

The anaplasia characteristic of tumour cells is thought 
to be brought about by persistent disorganization of 
living protoplasm, especially by the incoordination of 
its ultrastructural protein fibrils. Many distinctive 
characteristics of tumour cells are explicable on the basis 
of this hypothesis, even though they were not used in its 
formulation. 

[This important contribution provides a new’ view of 
neoplastic growth and should be read by all those 
interested.] G. M. Findlay. 

Attempts at Cytological Differentiation of Atypical 
Epithelium of the Vaginal Portion of the Cervix by 
Tissue Culture and Phase-contrast Microscopy. (Ueber 
Versuche zur cytologischen Differenzierung des 
atypischen Portioepithels mit Hilfe von Gewebezuch- 
tung und Phasenkontrastmikroskople.) Glatthaar, 
E. (1948). Schweiz, med. JVschr 78, 720. 

The .author describes a study of the cytology' of pre- 
cancerous and cancerous cervical epithelium by phase- 
contrast microscopy of tissue cultures. In cultures from 
doubtfully precancerous abnormal epithelium no patho- 
logical cells appear, but cultures of genuinely pre- 
cancerous lesions produce atypical cells resembling those 
in cultures from established carcinomata. The quantity 
of atypical cells in cultures is roughly proportional to the 
degree of anaplasia observed in histological preparations. 
Cultures from superficial and invasive carcinomata are 
indistinguishable. The cancerous transformation of 
the epithelium is evidently already established and 
irreversible before invasion begins. R. A. Willis. 

The Practical Application of Phase-contrast to the 
Biologist’s Microscope. Taylor, E. W. (1948). J. R. 
micr. Soc., 66, 1. 

The development of the phase-contrast microscope is 
reviewed from its first applications by Zeraike (1935). 
The theory and methods of using the microscope are 
succinctly described. 

[AH those who use the microscope, whether for work 
or pleasure, should read this communication, which is 
as near as possible to an account of phase-contrast 
microscopy without tears. The paper is illustrated by 
magnificent photomicrographs.] G. M. Findlay 
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Photoelectric Methods in Clinical Biochemistry. 
By G. E. Delory. A Hilger Publication, Glasgow 
University Press. Pp. 90. Price 15s. 

This is an excellent primer for any person contem- 
plating the routine use of photoelectric techniques in 
a clinical laboratory and intending to use one of the 
Hilger instruments. The first three chapters arc 
devoted to a clear and simple exposition of theory 
and contain some excellent data on the transmission . 
of the commonly available Ilford and Chance filters. 
The next two chapters deal spccipctly with the design 
and usage of the “ Spekker ” and the “ Biochem ” 
absorptiometers. The remaining chapter is devoted 
to working instructions of a range of methods suit- 
able for use with either instrument, the majority of 
them based on the well-tried methods of Professor 
King and his collaborators. One wishes that space 
had been found to describe the design and use of the 
nepholometric attachment that Hilger manufacture, 
and it is to be hoped that a second edition may 
''describe the “ Uvispek ” and its range of use in the 
same clear terms. 


Scandinavian Journal of Clinical and Laboratory 
Investigation 

The first number of a new Scandinavian journal, 
The Scandinavian Journal of Clinical and Laboratory 
Investigation, has been received. It is edited by a 
board and managing editor, Dr. Svein L. Svcinsson, 
for the Scandinavian Society for Clinical Chemistry 
and Clinical Pathology, and will appear quarterly, 
four issues forming a volume. Subscription, Kr.35.00. 

Inquiries should be addressed to the publisher, 
Medisinsk: Fysiologisk Forenings Forlag, Medical 
Dept. A, Rikshospitalet, Oslo, Norway. 

The journal is excellently produced and has many 
line and half-tone illustrations. It is written in 
English. 


Correction. — An error occurred on page 212 of the 
August issue where the legend to Fig. 1 stated that the 
strain used was 577/7. This should be numbered 
577/5. The strains in Figs. 1 and 2 were identical. 


Nicholas Martin. 
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